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ABSTRACT (250-500 words) 
The late Quaternary period (40 ka BP), encompassing the Last Glacial Maximum (21 to 18 
ka BP), Little Ice Age (~3 ka BP), and period of heaviest anthropogenic impact following 
European settlement is explored in terms of the palaeoecological and ecological assembly of 
eastern Australian aquatic Chironomidae (Insecta: Diptera: non-biting midges) species 
relative abundance distribution patterns in fresh and estuarine habitats. Transitional 
spatiotemporal gradients were employed to examine larval assemblage patterns, dynamics 
and processes by locating all study sites at climatic or estuarine ecotones. The southeastern 
Australian coastal sites included the Clyde River, Curalo Lagoon, W omboyne, Termeil, 
Meroo, and Werriga Lakes while the fresh lakes included tropical Lake Euramoo and 
temperate Lake Selina. 
At the Clyde River, chironomid larval assemblages had non-random distribution patterns that 
were strongly structured by the estuarine gradient and with minimal seasonal response and a 
robust diversity of around 44 species. The lagoons and coastal lakes had depauperate species 
assemblage dynamics that were strongly affected by extremes in salinity and sediment 
disturbance associated with flood events or breaches by the sea with some influence from 
ENSO phenomena and anthropogenic impact. Recurrent subfossil assemblages were 
associated with taphonomic influences whilst recurrent live larval assemblage compositions 
were attributed to environmental conditions extreme for most aquatic insects. These 
assemblage patterns and dynamics from the estuarine ecotones were in contrast to those 
observed at the climatic ecotones of the freshwater lakes. Highly coordinated assemblage 
patterns were observed at lake Euramoo and these were attributed to a broadly tolerant larval 
chironomid fauna mostly persisting in swampy lake margins from 6,000 yr B.P. to the 
present where habitats were minimally affected by shifting lake level and temperature. At 
Lake Selina, assemblage patterns were much more dynamic and responsive to climatic 
changes associated with shifts in water level and temperature between 40,000 to 3,000 yr 
B.P.; however these lentic assemblages were also more strongly influenced by lotic 
environments. 
The underlying assembly processes responsible for the observed patterns and dynamics of 
the larval chironomid assemblages are complex. This means that allogenic, autogenic, and 
uniformitarian theories are difficult to adequately and independently test. Nevertheless it is 
clear that the assembly processes acting over the past 40,000 years are highly unlikely to be 
different to those operating today and there is minimal support for the activity of autogenic 
processes operating amongst the chironomid assemblages studied in eastern Australia. This 
may have resulted from the scales of observation chosen and effects from time-averaging on 
subfossil assemblages because these were observed to have important effects. Other 
important factors included the definition of boundaries between microhabitats in the 
ecological surveys and between zones for subfossil assemblages. This strongly influences the 
perception of equilibrium and stasis that are closely tied with the assessment of the strength 
and coordination of ecological interaction. 
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ACE 
ACE SD 
Alpha 
(Fisher's) 
Alpha_SD 
Bootstrap 
Glossary of statistical terms 
Estimates program - Abundance-based Coverage Estimator of species 
richness, nonparametric. 
Estimates program - Standard deviation of ACE, among randomisations of 
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The predictive ability of a model is based on estimates derived from samples 
when they do not form part of the randomly generated dataset. 
Canonical 
correspondence 
analysis 
Chaol 
Chaol SD 
Chao2 
Chao2 SD 
Cluster 
analysis 
Cole 
RDACCA or S-Plus programs. This type of multivariate ordination uses a 
weighted-average algorithm that involves the ordination of a species 
abundance matrix (by reciprocal averaging; RA or CA) constrained by linear 
combinations of the supplied environmental variables for a number of 
samples or sites. These are tested for combinations of each set of variables 
so that these combinations, identified in pairs, correlate as highly as 
possible. This type of analysis is particularly appropriate where the objective 
is to describe community variation with respect to a set of measured 
environmental variables. 
Estimates program - Chao 1 richness estimator - nonparametric. 
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Estimates program - Chao 2 richness estimator - nonparametric. 
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S-Plus program. For example, the dissimilarity matrix clustering calculation 
returns a matrix containing all the pair-wise distances between objects in the 
dataset. This can be measured as coefficients of constancy, similarity, 
proximity, dissimilarity, or distance. 
Estimates program - The Coleman richness expectation is the expected 
species accumulation curve based on random placement, passive sampling 
that is a measure of species richness only not evenness. 
1 
Cole SD Estimates program - Coleman standard deviation. 
Correspondence 
analysis 
Correlation 
Analysis 
Doubletons 
Duplicates 
Dynamics 
Eigenvalue 
Evenness 
ICE 
ICE SD 
ICE CI 50 
Individuals 
Individuals 
SD 
Jaccard 
index of 
similarity 
Jackl 
Jackl SD 
S-Plus program. A type of ordination method used to examine various 
gradients and relations with intrinsic scaling of the data. 
S-Plus and Graphpad Prism programs. Pearson with gaussian distribution 
assumptions or Spearman correlation quantifies how well x and y vary 
together and measures the direction and strength of any linear relations 
identified and presents this information as a ± r value. 
Estimates program. Number of doubletons (species with only two 
individuals) in the pooled Qd samples. 
Estimates program. Number of duplicates (species that occur in a only two 
samples) among the Qd samples. 
Phenomena that produce time-changing patterns. 
An eigenvalue is a scalar and these values have a decompositional spectrum. 
A measure of the similarity in numbers of organisms of each species in a 
habitat or sample. Concepts of evenness are intimately associated with 
theories of "equilibrium" or relative abundance relations between taxa. 
Estimates program - Incidence-based Coverage Estimator of species 
richness. 
Estimates program - Standard deviation ofICE, among randomisations of 
sample order. 
Estimates program. - +or - term for 95% Confidence Interval for ICE, 
based on ICE-SD and 50 randomisations. 
Estimates program. Number of individuals observed in the pooled Qd 
samples. 
Estimates program. Standard deviation of individuals. 
Estimates program. A type of similarity coefficient that is a true metric. 
Estimates program. First-order Jackknife richness estimator. Jack-knifing is 
a simple form of cross-validation that is also known as 'leave-one-out' 
validation used for estimating the root mean squared error of prediction, 
where the reconstruction procedure is applied n times using a training set of 
size n-1. In each of the n predictions, one sample is left out, and it is from 
these samples that the predictive ability of the calibration is evaluated. 
Estimates program -First-order Jackknife standard deviation. 
2 
Jack2 
Lotka-
Volterra 
Mean-field 
View 
MMRuns 
MMMean 
Morisita-
Horn 
Null model 
rarefaction 
curves 
Estimates program. Second-order Jackknife richness estimator. 
A probability model that takes into account two interacting species sharing a 
common resource, it greatly oversimplifies the processes of population 
growth and interaction with no requirement for age structuring. 
This view is of the simple crowding of individuals around a common mean, 
in other words, a stationary probability distribution on the space of all 
possible matrix configurations/combinations of asexual, non-overlapping 
generations. 
Estimates program - Michaelis-Menten richness estimator that is based on 
an equation for enzyme kinetics: estimators averaged over randomizations 
(runs), 
Estimates program - Michaelis-Menten richness estimator based on an 
equation for enzyme kinetics: estimators computed once for mean species 
accumulation curve. 
Estimates program - a type of similarity coefficient. 
fixed-fixed; 
fixed-equiprobable 
Pearson 
Poisson 
Distribution 
EcoSim Version 6.0 program. Null models assess whether observed patterns 
in species distributions are distinct from arrangements of species taken at 
random from the regional pool of species, that is whether they are structured 
by positive or negative associations. This approach is a type of null-
hypothesis prediction used for comparison with observed patterns. In the 
fixed-fixed null model, the row and column sums of the original species 
abundance data matrix are preserved. In the fixed-equiprobable model, only 
the row sums are fixed and the columns/sites are treated as equiprobable. 
A product moment correlation coefficient denoted by 'r' that is used to 
measure the linear association between 2 variables assuming that species 
have gaussian distributions. 
A fully random model that describes the discrete distribution of purely 
random events in a continuum of space or time that implies individuals of a 
species are independent and randomly distributed with no tendency to 
clump. There is no preservation of species numbers per site, numbers of 
expected species etc. 
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Principal 
components 
analysis RDACCA program. Synonymous with factor analysis, this is a type of 
indirect multivariate ordination that has the purpose of producing an 
ordination of the units (species per sample) in a small number of dimensions 
which emphasises the major patterns of variation in their responses and 
generates simple factors composed of one or a few dominant taxa 
interpreted as environmental causes. Thus, like multidimensional scaling, it 
is sensitive only to dominant species. An undetected mixture of 
environmental signals may lead to substantial error when applying factor 
coefficients from these analyses to reconstruct past conditions or extrapolate 
to the future. 
Rank abundance 
distribution plots for 
estimating 
species richness S-Plus and Excel programs. These plots are used to identify 
sampled assemblage patterns and then perhaps match them to 
species abundance models with assumptions of biotic interaction, 
independence, environmental dependence and so forth. 
Examples of types of plots of local or regional species abundance distributions for 
examining patterns: 
);;> Species abundance vs species rank 
);;> LoglO (species abundance) vs species rank 
);;> Natural log (species abundance) vs species rank 
);;> k-dominance curve (cumulative relative abundance of the k first species vs 
log (species rank) 
);;> log (species relative abundance) vs log (species rank) 
);;> Standard deviation of log abundance vs species richness 
Examples of models and estimators proposed to fit observed local or regional abundance 
distributions of species: 
);;> Chao 1 - non-parametric estimator 
);;> Chao 2 - non-parametric estimator 
);;> Jackknife - non-parametric estimator 
);;> Bootstrap - non-parametric estimator 
);;> Dominance Decay (niche-oriented)- inverse of the dominance pre-emption 
model where the largest niche (most dominant species) is divided into 
sequentially smaller divisions. 
);;> Geometric-Series (the niche-pre-emption hypothesis) - model for the 
equitability of the species: abundance relationship where the first species 
takes a proportion k of the total niche, the second etc, k is a fixed value. 
);;> MacArthur Fraction (niche-oriented) - probabilistic random division of 
niche space. 
);;> Random Fraction (niche-oriented) - sequential random division of niche 
space. 
);;> Random Assortment (niche-oriented) - abundances of different species vary 
independently, stochastic, dynamic apportionment of space. 
);;> Dominance Preemption (niche-oriented) - species successively pre-empt a 
dominant portion of the remaining niche where new species invading a 
resource space always occupy more than half of the smallest niche. 
);;> Log-normal (Preston)- model for the equitability of the species: abundance 
relationship that assumes a flat system with no vertical hierarchy and no 
links (eg canonical log-normal, broken-stick), individuals are distributed 
between species in accordance with normal or Gaussian distributions, 
population growth is geometric. Statistically oriented, parametric. 
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Rarefaction 
Regression 
(Linear or 
non-linear) 
r-squared 
Shannon-
Weiner H' 
Shannon 
SD 
Simpson-
Yule index 
(D) 
Simpson 
>- Poisson-log-normal - totally random distributions that provide useful neutral 
models but may not be sufficient to test hypotheses about assembly 
processes on real landscapes that possess some degree of spatio-temporal 
structure and scaling, parametric. 
>- Log-series (Fisher's alpha)- model for the equitability of the species: 
abundance relationship that is statistically oriented, parametric. 
>- Self-organized criticality - distribution of break-points with a power or 1/f 
distribution. 
>- Fractal model ( eg Mouillot et al., 2000). 
>- Dynamic models based on the history of prior behaviour e.g. Bayesian. 
>- Neutral model (eg Caswell, 1976; Hubbell, 2001) assume that species 
behave independently but that hierarchical effects brought about by 
landscape characteristics can mean that patterns are not completely 
unstructured and unpatterned. 
Widely used in benthic ecology and palaeontology, a rarefaction curve is 
derived from relative frequencies of specimens and used to estimate how 
many species would have been found had the sample been smaller than it 
actually was so that diversities can be compared at constant sample size. 
Graphpad Prism. Linear regression (or direct gradient analysis) finds the line 
that best predicts y from x by minimising the sum of the square of the 
vertical distances of the points from the line. Some species show linear 
responses to environmental variables over short sections of gradients. Non-
linear regression fits data to any equation that defines y as a function of x. 
Either type ofregression analysis yields an r2 value and measures of how 
well species abundance data (or probability of occurrence) can be described 
as a function of an environmental variable such as salinity or temperature. 
Inferring values of environmental variables from species 
composition/abundance is a calibration problem. 
Coefficient of determination. 
Estimates program - is a common measure/index of diversity that 
emphasises evenness and assumes that the habitat contains an infinite 
number of individuals. This information theoretic was derived from 
cybernetics (Wiener) and information theory (Shannon) and is a poor 
discriminator of assemblages with underlying patterns of log-series or log-
normal models. The mutual information it measures is closely related to the 
log-likelihood ratio test for multinomial distributions, and to Pearson's Chi-
square test. 
Estimates program - Standard deviation of Shannon index among 
randomisations of sample order. 
Estimates program - index of diversity describing the probability that a 
second individual drawn from a population should be of the same species as 
the first. It is based on dominant species and assumes that the proportion of 
individuals in an area adequately weights their importance to diversity. 
5 
SD 
Singletons 
Sobs 
Sobs SD 
Sorensen 
Incidence 
Sorensen 
Abundance 
Spearman 
Species 
accumulation 
curve 
Species 
co-occurrence 
scores 
(C-Score) 
Species 
ranking 
Species 
relative 
abundance 
Estimates program. Standard deviation of Simpson index among 
randomisations of sample order. 
Estimates program. Number of singletons (species with only one individual) 
in the pooled Qd samples. 
Estimates program. Number of species observed in the pooled Qd samples. 
Estimates program - Standard deviation of Sobs. 
Estimates program - a type of similarity coefficient. 
Estimates program - a type of similarity coefficient. 
Rank correlation coefficient used when the relationship to e determined 
between two variables is likely to be non-linear. See Pearson for 
comparison. 
Plot of the cumulative number of species discovered within a defined area, 
as a function of some measure of sampling effort from which it is possible to 
extrapolate (eg species-area curve, collector's curve). The observed species 
diversity for a particular ecosystem is always an underestimate of the true 
richness and the error involved will depend on sampling effort. 
EcoSim Version 6.0, see section on null models. Metric for quantifying the 
pattern of co-occurrence within a presence-absence matrix. The larger the C-
score, the less the average pair-wise species co-occurrence indicating the 
increasing degree of mutual exclusivity between species. The C-score is the 
average number of "checkerboard units" between all possible pairs of 
species. 
Spectrum of abundance from commonest to rarest species. 
distributions PanPlot program. Relative frequency data for community ecology or 
biogeographic analysis can be presented either as raw data or percentage 
abundance data that are distinct from presence-absence presentation of data. 
Some ecologists consider species abundance data as more superior than 
species presence/absence binary data for detecting patterns of change in 
ecological assemblages. Qualitative data are not inferior to quantitative data 
but are suitable for addressing questions at different levels of resolution. 
Stochastic 
Patterns Result from dynamic processes involving probability theory such as 
Brownian motion, births and deaths. 
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The ecology and palaeoecology of Chironomidae in fresh, saline, 
and estuarine habitats in eastern Australia - towards an 
understanding of the past and future. 
Keywords: Chironomidae, species abundance patterns, assembly processes, biotic 
assemblage history, space and time, palaeoecology, aquatic larvae. 
The aim of this thesis is to examine the late Quaternary period ( 40 ka BP), 
encompassing the Last Glacial Maximum (21 to 18 ka BP), Little Ice Age (~1250-1850 
AD), and period of heaviest anthropogenic impact following European settlement. This 
is explored in terms of the palaeoecological and ecological assembly of aquatic 
Chironomidae (Insecta: Diptera: non-biting midges) species distribution patterns in time 
and space using alpha diversity (e.g. Shannon Weiner, Simpson's D, species number, 
Margalef D, Fisher's alpha), evenness J, species richness estimators (e.g. Chao, 
Jackknife, Bootstrap, Michaelis-Menten, rarefaction), abundance (species number, rank 
abundance, species accumulation curves) and comparison with models of distributions 
(e.g. geometric series, log-series, log normal). Much biological research has been directed 
towards assembly processes responsible for local and regional species abundance patterns 
in contemporary and fossil assemblages (Belyea & Lancaster, 1999; Connor & 
Simberloff, 1979; Drake, 1990; Fox, 1987; Gilpin et al, 1986; Samuels & Drake, 1997; 
Tokeshi, 1993; Weiher & Keddy, 1999). There are various theories for what makes 
assemblage patterns repetitive, convergent or divergent, and why some assemblages 
maintain identical structure in terms of species richness, diversity, and relative 
abundance distributions for a long time while others change rapidly, have unique 
properties, a particular history and set of contingencies (e.g. Egan & Howell, 2001; Ito 
& Gunji, 1994; Stone et al, 1996; Ulanowicz, 1980; Walter & Paterson, 1994). 
Comparisons between the fields of palaeoecology and ecology provide key insights into 
assembly processes and patterns because "sampling over gradients in time is logically 
similar to sampling over gradients in space. A point estimate of 'local richness' should 
be local in time as well as space" (Colwell & Coddington, 1994). "The pattern of 
temporal replacement of species ... is quite comparable to the spatial replacement of 
species along environmental gradients" (Brown & Gibson, 1983; Middleton, 1973). For 
example, climatic fluctuations occurring within several thousand years may induce 
faunal migrations equivalent to a spatial shift measuring hundreds or thousands of 
kilometres, as documented by Quaternary insect migrations sometimes equivalent to the 
average of 6.1 kilometres per decade resulting from recent climatic changes associated 
with increases in temperature (rev. Parmesan & Yohe, 2003; Rasnitsyn & Quicke, 
2002; Root et al, 2003; Smol et al, 2001 ). 
This thesis examines two competing paradigms in which: (1) species assemblage 
patterns are explained as resulting from individualistic, independent responses to 
environmental variables, or alternatively, (2) patterns result from assembly rules 
involving species interactions with limited membership. The various intermediate 
combinations of these two paradigms are then interpreted. The relative importance of 
stochastic processes (Riddle, 1996), dispersal (Stone et al., 1996), species abundance 
(Samuels & Drake, 1997), site history (Verschuren, 1994), environmental constraints 
(Battarbee, 1990), and biotic interactions (Belyea & Lancaster, 1999; Jablonski & 
Sekoski, 1996; Schopf, 1996) are assessed as potential determinants of assembly. 
Specifically, it is hypothesised that assembly patterns of Chironomidae during the late 
Quaternary is distinctive because environments oscillated more frequently between 
warm and cool conditions compared with some older periods when fossil records also 
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processes at various scales 
(Cohen, 2000; Davis et 1975; 2001; & 
1963; Nekola, 1999; Silverton & Antonovics, 2000; Swetnam et 1999; Tokeshi, 
1993; Turner, 1989). In particular, the 1995 workshop 'The Concept of Ecosystems' 
and the 1998 Geological Society of America Penrose Conference 'Linking spatial and 
temporal scales in palaeoecology and ecology' were a source of many intriguing 
questions. For example, "ecological processes occur over a vast range of spatial and 
temporal scales, and it is increasingly evident that our perception of how these 
processes and changes play out is dependent on the scales at which we observe 
them ... Quaternary palaeoecologists and neoecologists collect observations and 
generate theory at variable scales and with variable information bases. Can these 
observations be synthesised by common methodology and theory, or are there 
fundamental discontinuities crossing between scales?" (Cohen, 1998; rev. Cohen, 
2000). 
There are obvious discontinuities between present assembly patterns resulting from 
processes operating amongst living biota and past assembly patterns identified from 
subfossil/fossil remains of biota. These different patterns result from processes that 
operated at some time during the late Quaternary period (Boucot, 1996) and can be 
identified as coordinated stasis patterns that are most often associated with the 
Palaeozoic (Schopf, 1996). Coordinated stasis patterns are documented from the fossil 
record where "biofacies with similar species compositions tracked environments for 
millions of years until a rare event (very low frequency disruption) caused these systems 
to rapidly crash and reorganise (with high-frequency dynamics) " (Morris et 1995). 
Such stable species abundance patterns are cited as a prima facie example of internal 
regulation processes (Brett et al, 1996). However, these patterns are atypical of some 
contemporary biotic assemblages that characteristically are highly dynamic and 
responsive to external environmental conditions, particularly to changes in climate and 
pollution (rev. Parmesan & Yohe, 2003; Root et al, 2003). 
Consequently, the question of whether different processes, no longer operating under 
contemporary conditions, have shaped assemblages in the past is raised as well as 
whether the possibility that such patterns and inferred processes of assembly may 
instead be artefacts of the subfossil/fossil record (rev. Sterelny, 200 I). The answer has 
important implications: if assembly processes were different in the past, then the 
fundamentals of uniformitarianism (the present is the key to the past) are invalid 
because phenomena from the late Quaternary including the present cannot be used to 
infer past conditions; and similarly, contemporary conditions cannot reliably be used to 
predict future changes. Alternatively, if assembly processes were not different, then 
future studies will need to identify the extent to which taphonomic effects diminish the 
utility of relative abundance distribution patterns extracted from fossil records together 
with the scales at which ecological interpretation becomes less informative. 
This thesis uses the principle of transitional gradients in space and time by locating all 
study sites at climatic or estuarine ecotones. Ecotones are appropriate for investigating 
assembly processes because biotic assemblages located in these habitats experience 
directed or oscillating change between environmental extremes that cause assemblages 
from different biomes to intergrade (Bonsdorff & Pearson, 1999; De Deckker, 1986; 
Gosz & Sharpe, 1989; Hunter, 1998; Smith et al, 1998). The following project has two 
categories of ecotonal study sites. Chapters 2, 3, and 4 emphasise spatial variation 
amongst species distributions at estuarine ecotones with some linkage to the temporal 
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Figure 1. Location of the study sites in Eastern Australia showing the eight lakes 
and rivers lying proximal to the Eastern uplands which, in tem1s of latitude, 
stretch from Cape York to Southern Tasmania over 2500 km. These uplands form 
the Great Dividing Range that separate the narrow coastal plain from the interior 
and Tablelands. The coastal plain is the location of the coastal lagoons and 
estuaries that have characteristically short inflowing rivers and streams. 
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perspective in coastal lagoons while Chapters 4 & 5 emphasise temporal variations in 
chironomid assemblages at climatic ecotones identified from palynological evidence. 
At the sites emphasising spatial changes, chironomid assemblages from many similar, 
relatively pristine coastal lakes and estuarine gradients located in a single geographic 
region at the South-east Coast of New South Wales, Australia are studied (Fig. 1). These 
coastal sites are used to assess the effects of salinity gradients on larval trophic 
proportionality as well as their influence on the rates and magnitudes of species relative 
abundance changes in response to salinity change. This is carried out within a context of 
common climatic and regional history so that sites may be treated as replications of 
assembly processes operating amongst Chironomidae occurring within distinct 
catchments (e.g. Cannings & Scudder, 1978; Keane et al, 2002; Paterson & Walker, 
1974; Timms, 1983; White & Walker, 1997; Williams & Hamm, 2002). 
Temperature seasonality is intermediate along the South-east Coast of New South Wales 
(coefficient of variation 0.15-0.25) and rainfall varies little throughout the year with an 
annual rainfall of over 800 mm per year. All sites are minimally impacted by 
anthropogenic influences but Curalo Lagoon has been subject to the strongest impacts 
from pollution and artificial disturbance. At these coastal study sites, benthic 
macroinvertebrate taxonomic survey work has commenced only recently in an effort to 
document fauna before further habitat degradation from pollution, reduced 
environmental flows, barriers to migration, introduced species, and fishing (Davis et al, 
2000; National Land & Water Resources, 2002; Moverley & Hirst, 1999). 
Palaeolimnological sediment records from the fresh lakes of Euramoo and Selina were 
selected as sites for examining chironomid assemblage responses to environmental 
change because both were identified as being located at sensitive climatic ecotones 
according to palynological analysis. The dynamics of pollen records frequently reflect 
climatic changes as vegetation types advance and retreat across catchment boundaries 
and can be closely correlated with responses in aquatic fauna in lakes associated with the 
same catchment (rev. Walker & MacDonald, 1995). 
The objectives of the studies at the two fresh lakes were: (1) to reconstruct past 
chironomid faunal dynamics at previously identified climatic ecotones for comparison 
with chironomid dynamics at estuarine ecotones and, (2) to evaluate the respective 
assembly processes operating within each of these spatiotemporal contexts (e.g. Cohen, 
2000; Samuels & Drake, 1997; Walker, 2001). The responses of chironomid taxa to 
these different climatic and salinity gradients were then evaluated and attempts made at 
isolating the assembly processes interacting to produce particular assemblage patterns. 
Such palaeolimnological studies linked with modern survey work may therefore be 
viewed "as the 'notes' recording results of full-scale natural and anthropogenic 
experiments, providing considerable insight into how lake and watershed systems evolve 
and respond to environmental change" (Charles & Smol, 1994). In the context of 
Australian systems, it is imperative that such 'experiments' incorporate faunal 
responses to climate. The faunal responses can be widespread in aquatic ecosystems and 
may be responsible for a more generalised fauna adapted to droughts and flooding. An 
additional requirement is the search for linkages between spatial and temporal change 
with respect to the diversity structure of Australia's lakes (e.g. Cohen, 2000). 
Lake Euramoo and Selina are deep and fresh lakes located at latitudinal extremes of the 
Australian continent along the eastern coastline where Euramoo is located in tropical 
far North Queensland and Selina in southern Tasmania (Fig. 1). Lake Euramoo has been 
subject to some anthropogenic impact including a change in burning regimes but Lake 
Selina is relatively free from strong anthropogenic impacts and contains one of 
Australia's best sedimentary archives documenting Quaternary climatic changes in fine 
detail (Calhoun et al, 1999, Haberle, 2000; Haberle et al, 2001; Kershaw, 1970; 
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Kershaw, 1995; Thomas & Hope, 1994). Temperature seasonality is weakest at Lake 
Euramoo in the tropics (coefficient of variation <O .15) and most extreme in temperate 
western Tasmania the location of the study site of Lake Selina (coefficient of variation 
0.25-0.35). Rainfall in tropical far north Queensland differs markedly from the 
consistent patterns of Tasmania in having a monsoonal season with heavy summer 
rainfall from late November to March and mostly cool dry winters (Lake, 1995; 
Piechota et al, 1998). 
From a palaeoecological perspective, studies of aquatic assemblages from the late 
Quaternary are valuable because these environments usually have the most resolved, 
abundant, and well-documented subfossil and fossil records (Birks, 1995; Bleys et al, 
1994; Brierly & Chappell, 1990; Porch & Elias, 2000; Sayer et al, 1999). In some 
cases, assemblages are so well preserved that they are comparable directly with modern 
ecosystems (e.g. Gell et al, 2002). This means that the palaeoecology of perturbation, 
recovery, and their association with faunal responses to changes in environmental 
variables is very often comparable with impact assessments, biodiversity estimation, and 
conservation studies (Bengtsson et al, 2002; Charles & Smol, 1994; Hixon et al, 2002; 
Little et al, 2000; rev. Schopf, 1996). In the studies at both lakes, the assembly of 
species richness and relative abundance distributions at sites and the way patterns change 
through time are the subjects of investigation. 
Chironomidae "distributions and abundances are strongly influenced by physical, 
chemical, and trophic conditions in the habitat, and are particularly useful for studying 
the effects of spatial and temporal dynamics" (Botts, 1997). Chironomids are especially 
suitable for studying assembly processes because they are one of a few aquatic organisms 
with widespread modern distributions, high abundances in thin sections of lentic 
sediment, and reliable Pleistocene palaeoecological records that span both climatic and 
estuarine ecotones (e.g. Fesl, 2002; Schmidt, 1992). In modern environments, 
Chironomidae are diverse, with more than 10,000 species expected worldwide; and 
abundances sometimes comprising more than 25% of aquatic insects (Broderson, 1998; 
Broderson & Anderson, 2002; Bugledich et al, 1999; Cure, 1985; Reiss, 1984; Saether, 
et al, 2000). Their taxonomy is well established with taxonomic keys available for the 
Australian fauna and some recent work on their general ecology (Cranston et al, 2002; 
Cranston, 2000a; Cranston, 2000b; Hardwick et al, 1995; Hynes, 1984; McKie, 2001). 
Their occurrence across a range of aquatic habitats covering extremes of temperature, 
pH, salinity, alkalinity, depth, current velocity, and eutrophication has been the subject 
of some intensive investigation (Battarbee, 1990; Cranston, 1995; Edward, 1986; 
Levesque et al, 1996; Schmah, 1993; Smith et al, 1998, Schnell et al, 1999; McKie, 
2001; Vinson & Hawkins, 1998; Walker, 1995). Many taxa are recognised as reliable 
environmental indicators suitable for environmental monitoring or palaeoecology, and 
thus have the potential to bridge the gap between theory, pattern analysis, and 
identification of underlying assembly processes (Armitage et al, 1995; Broderson, 1998; 
Broderson & Anderson, 2002; Cohen, 2000; Dimitriadis & Cranston, 2001; Levin et al, 
2000; Middleton, 1973; Walker, 1987). 
Although Australia's coastal lake and estuarine chironomid fauna is not fully 
documented yet, the Chironomidae are known to be amongst the few aquatic insects 
that extend furthest into marine environments and some tolerate hypersaline 
conditions (Arthington & Hegerl, 1988; Hutchings, 1999; Moverley & Hirst, 1999; 
Yen & Butcher, 1997). The relationship between chironomids and saline environments 
has received more attention in inland Australia with some speculation on linkages 
between the fauna of inland salt lakes and coastal lakes or estuaries (Kokkin, 1986). 
One hypothesis is that during extreme arid periods, some aquatic invertebrates from 
inland saline waters seek refuge in slightly brackish eastern Australian coastal lakes if 
marine transgressions do not make these habitats completely unsuitable (Crowley et al, 
1990; De Deckker, 1986; Nekola, 1999). Thus, palaeoecological study of chironomid 
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headcapsule remains from coastal environments may yield new information on the 
dynamics of these saline ecosystems since such studies have been successful elsewhere in 
the world (e.g. Hofmann & Winn, 2000). 
In this project, modern survey collections of coastal Chironomidae are compared with 
biostratigraphic records of subfossil larval chironomid headcapsule remains from 
southeastern Australian coastal lagoons and estuaries to investigate assemblage dynamics 
and diversity patterns covering a number of arid periods in the late Quaternary. It is 
anticipated that these studies will provide information relevant for identifying natural 
coastal lake opening regimes, controlling nuisance populations of midges, understanding 
impacts from El Nifio Southern Oscillation phenomena, salinity, ionic composition, 
oxygen concentration, food availability, and broad-scale climate change on species 
abundance patterns of Chironomidae (e.g. Cheng, 1976; Chon et al, 2001; Davis, 2000; 
Halse et al, 1998; Johnson, 1995; Midge Research Group, 2002; Schmah, 1993). The 
diversity and dynamics of these estuary-associated chironomid faunas are then 
compared with responses amongst palaeo-assemblages from tropical and temperate 
fresh lakes to examine the relative importance of linking spatial and temporal assembly 
processes operating in an Australian context. 
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Ecological and palaeoecological species assembly patterns and processes in 
aquatic ecosystems. 
Abstract 
Palaeoecologists and ecologists use a range of theories to explain why assemblage 
patterns are repetitive, convergent or divergent, and why some assemblages maintain 
the same structure in terms of species richness, diversity, and relative abundance 
distributions for a long time (coordinated stasis) whereas others rapidly change, have 
unique properties, and a particular history operating under a set of contingencies. 
Linkages between the assemblage patterns observed by these two disciplines provides 
key insights into the action of various assembly processes and constraints because 
sampling gradients in time logically is similar to sampling gradients in space. 
Keywords: Assembly processes, palaeoecology, ecology, aquatic ecosystems, 
species relative abundance distribution patterns. 
What processes are responsible for species abundance patterns? 
Theories of species assembly explore the processes leading to relative abundance 
patterns, species richness, complementarity, ecosystem dynamics, and biotic history 
over short and long time periods (Belyea & Lancaster, 1999; Blaustein et al, 1996; 
Cohen, 1995; Cornell & Lawton, 1992; Delcourt & Delcourt, 1991; Drake et al, 1993; 
Fox, 1987; Hraber & Milne, 1997; Longmore, 1986; Scarsbrook, 2002; Tokeshi, 1993; 
Walter & Paterson, 1994). Species abundance patterns are defined as patterns resulting 
from an assemblage of closely related species that may belong to a single higher taxon 
(perhaps family) and may contain several trophic groups including detritivores, 
herbivores, omnivores, and predators. Such patterns are crucial for understanding 
biodiversity in space and time because they lead to a better understanding of controlling 
processes especially in terms of whether these operate internally, respond almost 
completely to the external environment, are phylogenetically determined, or are 
random (e.g. Giller et al, 1994; Grimm, 1995). 
Species distribution patterns may be represented graphically as rank-abundance plots 
(log (species abundance) versus species rank), k-dominance curves (cumulative relative 
abundance of the k first species versus log (species rank), or as rank-frequency diagrams 
(log (species relative abundance) versus log (species rank) (rev. Mouillot et al, 2000). 
Correct representation of these patterns and identification of the underlying controlling 
processes leading to such species abundance patterns have been the subjects of much 
debate (Hubbell, 1997; Morris et al, 1995; Muradian, 2001; Pimm, 1984; Sterelny, 
2001 ). Consequently, key questions emerge such as: Can a single individual ever affect 
the species abundance patterns of an entire ecosystem? Can an ecosystem control the 
abundance of a species? Are individuals always affected most by abiotic conditions? Is an 
ecosystem disconnected from the environment and tuned to biotic interactions? Are 
ecosystems more robust to perturbations than their components? 
Theories predicting patterns result from 'stochastic processes' are mostly based on 
evidence from episodic environments. Here assembly is completely random and the 
probability that a species occurs at a site with a given relative abundance distribution is 
the result of mere coincidence (e.g. Gaston & He, 2002; rev. Williams, 1998). Other 
locally directed theories predict that 'dispersal processes' control species abundance 
patterns (e.g. Blaustein & Margalit, 1996, Delettre & Morvan, 2000; Stone et al, 
1996). According to these theories, stochastic or dispersal processes are predicted to 
operate where assembly is directed by: dispersal abilities, the probability of dispersing to 
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a site, and the rates and magnitudes of immigration and emigration where the order of 
arrival is important in controlling which species are present and abundant, for example 
The Theory of Island Biogeography (MacArthur & Wilson, 1967). For example, in a 
study of larval mosquitoes and toads competing for prey in temporary pools, either 
predatory species can dominate assemblages in different pools with very similar 
environmental conditions present within the same complex (Blaustein & Margalit, 
1996). The order of arrival of the competitors in a particular pool depends on chance, 
but alternative ecosystems arise because the first colonist prevents subsequent 
establishment by competitors. Hence, alternative ecosystem structures arise only if 
more than one colonisation sequence is possible, and if early invaders are involved in 
interactions that promote or prevent subsequent establishment by other species. Other 
theories disagree with such sequence effects as explanations for assembly patterns and 
invoke 'lineage history and speciation processes' in terms of species components 
arising in situ (e.g. Dynesius & Jansson, 2000; Futuyma, 1989; Martens et al, 1994). 
These locally evolved species then have the competitive advantage. There are also 
some theories that adopt an intermediate position where several processes acting in 
concert produce species abundance patterns (e.g. Poff, 1997). For example, 'dispersal 
and speciation processes' have been unified formally through the integration of 
theories of speciation and the theory of island biogeography (Hubbell, 2001 ). According 
to this unified neutral theory, species relative abundance distributions and assembly 
result from a stochastic zero-sum game where only modest dispersal is sufficient to 
dynamically couple the regional metacommunity (ecosystem) and stabilise assemblage 
structure on large spatiotemporal scales (Caswell, 1976; Hubbell, 2001). A 
metacommunity is defined as a regional set of communities linked by dispersal (Gilpin & 
Hanski, 1991). 
Apparently, the high intrinsic vagility (dispersal ability and propensity) of some 
organisms leads to great regional similarity and stabilising effects from large numbers of 
dynamically interconnected local assemblages coupled with the metacommunity 
(Hubbell, 2001). This theory shows that the distribution of relative species abundances 
in a metacommunity is the log-series, and fundamental biodiversity number equivalent 
to Fisher's a where rare species are the most frequent. Below the metacommunity level, 
at local scales, species of intermediate abundance are the most frequent because, at the 
local level, rare species are more extinction prone. By comparison, widespread and 
common species survive for an extremely long time. This means that the ecological 
dynamics of metacommunities may actually be temporally commensurate with the 
evolutionary dynamics of speciation and extinction. In a similar vein, theories 
proposing that climatic oscillations select for vagility and generalism predict reduced 
speciation rates, more widespread distributions, and lower extinction rates at the 
ecosystem level whereas the converse is predicted to involve immobile specialists and 
faster speciation at more local scales (e.g. Dynesius & Jansson, 2000; Ponder & Colgan, 
2002). 
Other theories explaining species abundance patterns invoke 'site history' where 
assembly is driven by physical site characteristics and the development, weathering, and 
ageing of a site through time so that "the historical contingency of habitat formation 
can have a long-lasting impact" (Nekola, 1999). For example, the development of a 
lake as it fills with sediment to become a swamp and the various biotic assemblages 
associated with changing habitat complexity as localities recover from disturbances (e.g. 
Floater, 2001; Poff, 1992; Reynolds, 1995; Riddle, 1996; Silver et al, 2000). 
There are also theories predicting that physicochemical tolerance thresholds resulting 
from an organisms' physiology and 'phylogenetic inertia' fully explain species 
abundance patterns where 'environmental constraints' like temperature, oxygen, 
ionic composition, pH, hydrological regimes, and salinity determine ultimately 
distributions (e.g. Birks, 1986; Bonsdorff & Pearson, 1999; Charles & Smol, 1994; Clair 
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& Paterson, 1976; Coope, 1994; Gibson & Najjar, 2000; Griffiths, 2001; Porch & 
Elias, 2000; Rossaro, 1991; Williams, 1998). The length of time that associations 
remain intact is open to debate and environmental constraint theories contrast with 
ecological theories of 'biotic interactions and the operation of assembly rules' as 
explanations of species abundance patterns especially in cases associated with more 
long-lasting species-to-species associations. For example, competition, consumer-host 
relations, predator-prey relations, mutualistic interactions, shared defensive 
responsibilities, facilitated feeding, assisted thermoregulation, and division of labour 
have been identified as controlling assemblage processes (Belyea & Lancaster, 1999; 
Brett et al, 1996; Connell, 1980; Cross & Benke, 2002; Falkner & Falkner, 2000; 
Fauth, 1999; Ferriere & Cazelles, 1999; Floater, 2001; Ito & Gunji, 1994; Jones et al, 
1994; Kokkoris et al, 1999; Lundberg et al, 2000; Menge et al, 1994; Moyle & Light, 
1996; Pace et al, 1999; Tessier, 2000; Tilman, 1996). Some of these theories resemble 
those invoking climatic oscillations and selection for vagility because they suggest a 
trade-off in traits like those promoting dominance at a site versus those conferring 
dispersal ability. Tilman first demonstrated this trade-off among interacting species as 
the ability to hold a site (being a good competitor) versus the ability to get to a site 
(being a good coloniser - disperser) (rev. Tilman & Kareiva, 1997). 
Deterministic theories predict that "assembly rules" or "favoured states", usually 
involving inter-specific competition or niche partitioning/sequential niche 
apportionment, control assemblage patterns (e.g. Diamond, 1975; Fox, 1987; Maturana 
& Varela, 1980; Wilson et al, 1996). Definition of an assembly rule is problematic 
although they are usually "general and mechanistic, and operate within the case-
specific constraints imposed by colonisation sequence and the environment" (Belyea & 
Lancaster, 1999). An example of a competition related niche apportionment rule is 
that "species are more likely to spread out widely among different genera, thereby 
enabling the exploitation of different niches and reducing the propensity for 
competition" (Tokeshi, 1991). 
Palaeoecologists frequently recognise the operation of assembly rules and 'internal 
controls' as the explanations for processes underlying patterns of coordinated stasis in 
fossil assemblages from the Quaternary and older time periods (rev. Boucot, 1996; 
Sterelny, 2001). Although coordinated stasis patterns may be observed up to the present 
day, they are most frequently confined to the fossil record and are identified where 
"biofacies with similar species compositions tracked environments for millions of years 
until a rare event (very low .frequency disruption) caused these systems to rapidly crash 
and reorganise (with high-frequency dynamics)" (Morris et al, 1995). "The degree of 
exclusivity and non-invasibility exhibited in biofacies arranged along environmental 
gradients implies an important role for biotic interactions in the maintenance of fauna! 
stability. Some form of internal coherence appears to be necessary to maintain the 
stability of assemblages" (Brett et al, 1996). "This pattern implies the need for a 
principle of evolutionary stability that results from constraints imposed by ecology" 
(Morris et al, 1995). 
There are some examples in which internally-mediated processes lead to species 
abundance patterns (rev. Ferriere & Cazelles, 1999; Moyle & Light, 1996; Samuels & 
Drake, 1997). For example, some patterns have been used to propose rules for the 
integration of species in freshwater and estuarine systems and these according to Moyle 
& Light (1996) are that: 
~ Most new species assemble into a community without major effects. 
~Major effects are observed most often if species richness is low. 
~ Carnivores are most likely to alter invaded communities and omnivores or 
detritivores least likely to alter the same system. 
24 
Chapter 1. Review 
Sophia Dimitriadis 
--7 Ecosystems that are not pristine, and subject to substantial alteration by human 
activity, change the assembly process by favouring the establishment of alien species 
Concepts of internally-mediated assembly processes may be traced to theories of 
progression in the development and organization of highly irreversible self-organising 
ecosystems by R.E. Ulanowicz and other theorists (Maturana & Varela, 1980; Piaget, 
1976/78; Ulanowicz, 1980). These theories suggest that species assemble to produce an 
ecosystem that maximises mutual sustenance and communication/information (flow 
pathways) that lead to a unidirectional tendency towards higher flow organisation 
(increasing the intensity of positive feedback loops) and greater ecosystem size 
(together referred to as ascendency). Alternatively there is a second path with greater 
internalisation, increased specialisation, and greater compartmentalisation. This leads to 
the hypothesis that "A self-organising community flow network behaves over an 
adequate interval of time so as to optimise its ascendency subject to hierarchical, 
thermodynamic and environmental constraints" (Ulanowicz, 1980). 
Such autogenic hypotheses predict that after a severe disturbance the assembly process 
involves: 
>- depauperate surviving species of the community recovering their mass, this 
mostly involving opportunists where in pioneer ecosystems little advantage 
accrues for conservative behaviour, 
>- previous links being re-established amongst the survivors, 
>- new species beginning to arrive and being easily incorporated, 
>- rare species being randomly extinguished, 
>- saturation of energy fluxes and higher redundancy developing in species 
components or trophic levels with mutual sustenance increasing amongst some 
groups and these beginning to out-compete more independently existing 
species, 
>- establishment of new species in the assemblage depending on how they affect 
ecosystem pathways and the diversity of flows - mutualistic or competitive 
species are more likely to be integrated than species that are redundant under 
more stable conditions. 
Thus Ulanowicz (1980) predicts that disturbances act to allow the assembly of more 
redundant species and the extent and frequency of disturbances are a measure of the 
stress experienced by the ecosystem or its 'freedom from erratic changes'. Thus an 
extra component of ecosystem diversity aside from species relative abundance patterns 
and species richness is considered to be the number of species in each trophic level. 
Criticism of the operation of assembly rules is directed mostly at a lack of predictive 
power, failure to account for habitat variation, and evidence for inconsistent patterns 
rather than repeating structures indicating that ecosystem/community structures merely 
may be coincidences (rev. Connor & Simberloff, 1979; Riddle, 1996). Some researchers 
go as far as stating that: "Communities are epiphenomena ... study at the community 
level, even if construed in terms of the 'individualistic community model' will lack logic 
and utility ... cannot explain either presence or abundance ... rely on the discredited 
competitive exclusion principle ... subjectively designated ... equilibrium" (Walter & 
Paterson, 1994 ). This view contrasts with the continued use of models for species 
abundance patterns that are locally-derived and niche-oriented invoking either the 
geometric series (rev. Fesl, 2002), broken stick (MacArthur, 1957), dominance pre-
emption (Tokeshi, 1990), and random assortment models (Tokeshi, 1990) as examples 
(rev. Tokeshi, 1993; Weiher & Keddy, 1995, 2001). 
Faced with such a plethora of theoretical explanations for species abundance patterns, 
an understanding of the controlling processes responsible for contemporary or 
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subfossil/fossil species assemblages appears remote and clear statements of their 
relevance are difficult to identify despite widespread study. To add to these 
complications is the fact that most theories draw on different empirical patterns closely 
associated with long recognised scale-related effects. For example, log-normal patterns 
are claimed to support processes of biological interactions and are typical of smaller 
scales whereas geometric series patterns are associated with stochastic and individualistic 
responses at larger scales (e.g. Hubbell, 2001 ). This phenomenon may be a product of 
the nested relationship between the geometric-series, log-series and log-normal patterns 
as determined by the scale of sampling (rev. Tokeshi, 1993). 
Scale-related bias is easily mistaken for real differences between species abundance 
patterns because most descriptions of species assemblages such as relative abundance 
distributions, information theoretics like the Shannon-Weaver H', cybernetics (Gardner 
& Ashby, 1970; Ulanowicz, 1980), General Systems Theory (Gnauck, 2000), and 
Information Theory (Bode & Shannon, 1949; Shannon & Weaver, 1949) are subject to 
scaling effects. The question therefore becomes one of the instances when these 
patterns are merely artefacts driven by scale-affected sampling or taphonomic effects 
or instances of real differences between scale-dependent processes that result neither 
from the assumptions or methods of evaluation. In particular, "where a set of models 
inherently possesses a nested relationship like this, distinguishing different patterns 
(models) is directly influenced by how ... boundaries are defined'' (Tokeshi, 1993). 
A clear illustration of how boundaries influence the interpretation of the processes 
underlying species abundance patterns and their dynamics is the paradox between 
patterns of coordinated stasis and the individualistic and highly unpredictable assembly 
patterns typical of modern ecosystems (rev. Sterelny, 2001). Does the paradox between 
coordinated and individualistic patterns reflect a real difference between the assembly 
processes of contemporary times and the past, small local-scales and large regional-
scales, or are scale-related sampling and taphonomic time-averaging effects responsible 
for these discrepancies between present and past species abundance patterns and 
assembly processes? 
Understanding the processes that lead to species abundance patterns and that operate at 
various spatio-temporal scales is paramount because "ecosystem theory has a high 
responsibility in understanding the general features of the interactions that enable 
systems to exist and to survive in a world of disturbances and stress." (Millier, 1997). 
Further, Berlow et al(l 999) noted: "Understanding how the strengths of species 
interactions are distributed among species is critical for developing predictive models of 
natural food webs as well as for developing management and conservation strategies". 
Thus the patterns examined by ecologists in impact assessment collections, 
conservation surveys, and studies of assembly processes are aligned more closely with 
the species abundance patterns examined by palaeoecologists interested in perturbation, 
recovery, and biogeography than generally has been acknowledged (rev. Caughley, 
1994; Cohen, 2000; Jackson, 2001). 
Presented with such challenges, it is encouraging that links between ecologists and 
palaeoecologists continue to strengthen as highly resolved microfossil archives 
increasingly are linked with modern training set surveys of species assemblages and 
analysed with compatible statistical and modelling techniques (e.g. Birks, 1986; Byrne et 
al, 2001; Charles & Smol, 1994; Chon et al, 2000; Connell et al, 1997; Hall et al, 1997; 
Hall & Giddings, 2000; Jorgensen et al, 2000; Millier et al, 2000; Reid et al, 1995; 
Schindler, 1990). Further, both fields are generating new methods to solve difficulties 
associated with interpreting species abundance patterns and intermeshing assembly 
processes covering different scales of observation (e.g. Connell & Sousa, 1983; 
Jablonski & Sepkoski, 1996; Laska & Wotton, 1998; MacDonald, 1993; Morris, 1996, 
Thomson et al, 1996, Weiher & Keddy, 1995). In recent years, the artefacts associated 
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with sampling effects in contemporary surveys, and time-averaging and taphonomic 
effects operating amongst fossil assemblages, have become the subject of specialised 
research that recognise the influence of bias-introducing processes and are increasingly 
identifying their activity accurately and more efficiently (Holland, 1996; Martin, 1999; 
Quinlan & Smol, 2001). 
A framework controlling scale-related bias for evaluating theories explaining 
species abundance patterns in aquatic ecosystems at diverse time-scales. 
It appears that a primary question for ecological studies of assembly is whether the 
exact same relative species abundance patterns recur in contemporary aquatic systems. 
This requires measuring or estimating the complementarity - the distinctness or 
dissimilarity of species assemblages (Colwell & Coddington, 1994). "The concept of 
complementarity is intended to cover distinctness in species composition over a broad 
spectrum of environmental scales, including small scale ecological 
differences ... between-habitat and landscape-level differences along environmental 
gradients ('beta diversity' or 'species turnover') .. .jaunistic and floristic differences 
between distant sites in the same biogeographic realm ... or even climatically distinct 
sites in different biomes" (Colwell & Coddington, 1994). 
If assemblages are observed to display a high level of complementarity, like those of 
coordinated stasis patterns, then it is important to ascertain how often these occur and 
for how long they persist. If these patterns never recur or persist for long time periods 
then the next issue to address is the degree of similarity that occurs, the relative 
persistence of species components, and the level of 'connectance' between ecosystems 
(Robinson et al, 2000). 
There is currently insufficient evidence to prove that exactly the same aquatic 
ecosystem recurs. Ecologists studying inter-specific behaviour in systems seeded with 
the same numbers and types of species under controlled experimental conditions in 
microcosms or mesocosms with relatively insubstantial sampling problems frequently 
report that small differences in assemblage composition develop even under almost 
identical conditions (e.g. Blaustein & Margalit, 1996; Law & Morton, 1996). Ecologists 
observing ecosystem dynamics along broader environmental gradients have likewise 
reported the unique character of water bodies even in neighbouring sites with extremely 
similar environmental conditions or repeated sampling at a site in near identical 
subsequent years (Clair & Paterson, 1976; Scarsbrook, 2002; Sprligel, 1991; Wilson et 
al, 1996; Woodward et al, 2002). 
Thus, empirical experimental evidence has yet to prove the existence of identical 
recurring species abundance patterns. The most significant barrier appears to be that 
studies are never entirely free from sampling or taphonomic artefacts. Furthermore, 
although experimental approaches enhance the ability to replicate observed outcomes 
and thereby establish cause and effect, they are presently scale-limited. They further 
remain subject to the problem that living organisms adapt to experimental conditions 
by changing their energetic and kinetic parameters with implications for survival and 
reproduction (e.g. Falkner & Falkner, 2000). Thus the outcome of the experiment 
depends on the way it has been performed. Because of this peculiarity, evolving 
processes evade an objective description independent of experimental investigation. 
Similar problems arise in the analysis of the 'natural experiments' of modem training 
sets and subfossil archives. Will there ever be enough support for the existence of 
identical recurring aquatic species assemblages? Popper's approach is to apply falsifiable 
hypotheses which are stringently and repeatedly tested to examine the probability of 
certain processes operating and then, those left unfalsified, become "highly 
corroborated" which is not the same as hypotheses being confirmed or choosing 
between most likely explanations (Popper, 1935). This approach seems most 
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appropriate for testing the likelihood that species abundance patterns and richness arise 
from various hypothesised assembly processes. 
Assembly processes can be classed into three categories, the first is here referred to as 
'Individualistic', the second 'Autogenic', and the third, 'Uniformitarian'. Individualistic 
theories include some dispersal processes, some lineage/history processes and the 
greatest environmental constraint-driven processes whereas autogenic theories include 
biotic interaction processes such as competition and niche-apportionment and some 
feedback interactions between the development of a site and its associated assemblages. 
Uniformitarian theories include stochastic and other time-invariant processes. 
Exploring the 3 categories of theory explaining processes responsible for 
assemblage patterns: Individualistic, Autogenic, and Uniformitarian Theory. 
Individualistic theory 
Individualistic theory predicts that ecosystems with identical species compositions 
never recur because species behave as individuals and the probability that all individuals 
exhibit exactly the same coordinated response is extremely low (rev. Walter & 
Paterson, 1994). For example, Gleason (1926) stated: "there is no exact repetition of 
the same vegetation from one ecosystem to the next" and regarded ecological systems as 
"merely a coincidence" - loose assemblages of species that arise and are influenced more 
by physical environments than by species interactions. 
Individualistic behaviour is reported in ecological studies conducted in highly disturbed or 
young environments (Lods-Crozet, et al, 2001; Milner et al, 2001 a; Milner et al, 
2001b; Pimm, 1984; Therriault & Kolasa, 2000), and also are well-documented in the 
fossil record during the Pleistocene and Holocene periods. For example, 
palaeoecological studies on benthic ostracod species in Lake Tanganyika indicate erratic 
patterns of recruitment and little obligate interaction (rev. Cohen, 1998). Perhaps most 
famous are the individualistic behaviours of beetles in response to climatic changes over 
the past 50,000 years. Studies by Coope (1978, 1987, 1990, 1994) on the rapid 
assembly and reassembly of a number of beetle species emphasise the transient nature of 
ecosystem associations and the interplay between abiotic variables and chance events 
affecting beetle distributions. 
Such faunal changes recorded in fossil deposits frequently correlate with physical events 
evident from the commonly strong synchrony between changing biota and changing 
lithology (Miller, 1996). There is also ample fossil evidence that terrestrial species 
rarely move as cohesive assemblages keeping interactions intact and this leads to past 
assemblages with no modern counterpart (Coope, 1994). These patterns can be found in 
some marine molluscan species that shift their geographic ranges along the Californian 
coast during Pleistocene glacial-interglacial cycles (Hellberg et al, 2001 ). 
Autogenic theory 
According to 'Autogenic' theory, environmental controls are dominant and the use of 
climatic envelopes for identifying certain environment-biota relationships form an 
adequate description of species abundance patterns. However, the theory further 
emphasises that organisms unavoidably interact with other biota to produce outcomes 
capable of overriding abiotic constraints (e.g. Davis et al, 1998; Ferrierre & Cazelles, 
1999; Pearson et al, 2002; Straile, 2002). As defined by Tilman & Kareiva, 1997: "All 
organisms are discrete entities that mainly interact with neighbouring individuals of 
their own or other species". Autogenic theory specifically does not include Clementsian 
views, Sander's discredited stability-time hypothesis (rev. Abele & Walters, 1978), or 
traditional approaches to equilibrium or non-equilibrium state requirements (rev. 
DeAngelis & Waterhouse, 1987; Reynolds, 1995; Sprilgel, 1991). Autogenic theory 
more closely follows Piagets' concept of a regulated hierarchy of life emphasising 
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uniqueness and constant equilibration (rev. Hooker, 1994), and recognises Waddington's 
concept of the reactive genome (rev. Gilbert, 2000). 
According to autogenic theory, environmental influences operate at every level of life, 
as something to be overcome, not necessarily as causal agents of formation (Piaget, 
197 4/80). All organisms are seen to exist contingently as interdependent entities and 
purely isolated life forms rarely exist because the actions of one organism inevitably 
affect other organisms directly or indirectly (rev. Belyea & Lancaster, 1999; Falkner & 
Falkner, 2000; Ulanowicz, 1980). The behaviours of trophic cascades provide strong 
evidence for such linkages and unavoidable interactions (Blaustein et al, 1996; Pace et 
al, 1999). Lawtons' list of ecosystem engineering behaviour also illustrates this activity 
in that organisms regulate resources available to other species by causing physical state 
changes in surrounding biotic or abiotic materials (rev. Jones et al, 1994). 
Autogenic theory implies that interactions such as ecosystem engineering lead to 
species abundance patterns that do not recur because living systems respond to the 
environment or other organisms, and construct a 'record' of experience in the form of 
learnt behavioural repertoires or evolving genetic and phenotypic structures. In this 
way, natural selection promotes dissimilarity and uniqueness because it is tightly linked 
with these life properties of behavioural experience and evolution. Such transitionary 
properties ensure that individuals, species, and ecosystems are necessarily impermanent, 
unique, and reflect a constantly changing reality (Ito & Gunji, 1994). Thus, even where 
a life system is superficially the 'same', it has to be fundamentally unique due to differing 
histories of exposure to conditions. 
The constantly changing reality of life systems is brought about by perpetual 
equilibration in response to both abiotic and biotic conditions. This means that life 
systems are defined better as 'ongoing processes' than 'finished products' because they 
continually acquire information, develop novel responses, and are a flow of conditioned, 
regulated states that are selected partly according to their fitness. Ito and Gunj (1994) 
state that: "the process of perpetual equilibration of systems works to be a driving force 
for evolution together with the process of natural selection". 
Each regulatory level of a life system from an individual to an ecosystem strives for the 
stability of its own processes both for maintaining achieved homeostases and for 
improvement if the former fail. Inevitably, inputs are imposed on the system that 
cannot be assimilated and the ecosystem experiences stress exerted in the form of 
energetic costs and interference with normal unstressed functioning. Unstressed 
conditions may be defined as a set of dynamic states considered healthy, reproductively 
unhindered, and containing potential for flexible response (Rapport et al, 1981 ). Thus, 
stress may be induced internally by exploration of the external world or its own internal 
organisation (perhaps reconfiguration of metabolic pathways within an individual or 
species interactions within an ecosystem). 
Equilibration is the process of bringing assimilation and accommodation into a new 
balance for survival of the system. "The passage to each new stage of equilibrated 
internal organisation is thus initiated by a breakdown in the current stage/time and the 
new stage is marked by a new complexity" (Hooker, 1994). However, the choices and 
activities of life systems in the pursuit of regulatory homeostases do not always lead to 
construction of internal operational structures and many sequences may be attempted in 
the search for the possession of a suitable group of species components, operations and 
adaptations for every environmental contingency. This process is associated with 
increasing universality, completeness, and generalisation and each successive 'stable 
solution' is an improvement over its predecessors, in a classic evolutionary sense as 
'survival of the fittest'. 
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The evolution and experience of ecosystems therefore attenuate the role of chance by 
actively avoiding unsuccessful combinations of species and amplifying constructive roles 
through the generation of novel solutions during the process of equilibration. This 
process is essential for maintaining an ecosystem's structure in a dynamic environment 
in which the context of 'stability' is paradoxically dynamic. The more complex the 
system's internal operational structure, the more it has learnt about how to improve 
equilibration and so the more its subsequent accommodation efforts are internally 
directed with further reinforcement of autonomy and stability. Thus development at all 
levels from the individual to the ecosystem is driven by processes of equilibration, in 
positive or negative directions promoting accommodation, organisation, information 
storage and novel solutions. It is this evolving, experiencing nature of life systems that 
encodes information due to the selective role of the environment, so that information, 
structure, and experience arise as products of this activity. 
Jean Piaget spent much of his early biological scientific career studying the aquatic snail 
Limnaea stagnalis in the Swiss lakes Neuchatel, Bienne, and Morat. His version of 
autogenic theory as applied to life systems and the assembly of species at a site was 
that, within bounds, species can actively mediate the conditions that determine the 
selection pressures they experience: 
" ... selection has ceased to be envisaged as an automatic sorting process: it is seen more 
and more as bound up with processes of regulation and even of choice, in that the 
organism is capable of choosing its environment before suffering or confronting its 
constraints. Organic selection is thus bound up with devices or regulators, each showing 
certain flexibility ... As such, it is certainly much closer to a system of choice than is 
selection imposed by the external environment" (Piaget, 1976/78). 
In its broadest terms, autogenic theory now is accepted widely. Levins wrote: 
"Organisms a) select their environment actively, b) modify their environment by their 
own activity, c) define their environment in terms of relevant variables, d) create new 
environments for other organisms, e) transform the physical nature of an environment 
input as their effects percolate through the developmental network, j) determine by their 
movements and physiological activity the effective statistical pattern of the environment, 
and g) adapt to the environment pattern that is partly their own" (Levins, 1979). 
As with individualistic theory, autogenic theory predicts that ecosystems are unique. In 
the case of autogenic theory this is because systems never reach a final equilibration 
point since, to avoid extinction, they must continue evolving at a sufficient rate to 
changing physico-chemical or biotic conditions. Furthermore, their history of 
experience necessarily is different, and a life system can experience only a finite 
number of neighbours due to spatio-temporal constraints. This final quality is 
exemplified in the trade-off between two widely acknowledged strategies that life 
systems adopt: widespread generalism and commonness as compared with local 
specialisation and rarity (Bennington & Bambach, 1996; Gaston & Lawton, 1990; 
McKinney, 1997). 
According to some theorists, common species maintain homeostases across a wide range 
of constantly changing environments and have less limited inter-specific interaction. 
On the other hand, rare species have a small spatio-temporal environmental distribution 
and thereby increase the probability of experiencing the entire range of their interactive 
neighbourhood. In this context, interaction with nearly all inter-specific and intra-
specific neighbours is maximised and adaptation to specific conditions specialised 
(Boucot, 1990; Gaston, 1994; see Table 1). 
Neither strategy is likely to be more advantageous in the long term since the benefit of 
generalism is that high abundance can be maintained due to niche breadth tending to 
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covary among niche parameters. Thus species broadly adapted in one parameter like 
salinity tolerance are also broadly adapted to other parameters (e.g. Kinsey & Hopkins, 
1994). For example, the growth of phytoplankton species isolated from temperate-
zone estuaries is affected less by synthetic organic toxic chemicals novel to their 
evolutionary history compared to species isolated from the Sargasso Sea where 
conditions are less extreme (Fisher, 1977). Parsons (1994, 2001) suggests that this is 
why 'living fossils' like horseshoe crabs tend to live in harsh shoreline environments 
with widely fluctuating stresses and high energetic costs. Nevertheless, the costs of 
generalism are that it increases intra-specific competition, redundancy of flows in 
ecosystems, and limits novelty (Dall & Cuthill, 1997). At the individual level this 
means limited experience of new conditions while at the species level this could mean 
greater homogeneity in population genetics across species ranges. At the ecosystem 
level, this can mean redundancy in flows, interactions, and a more rigid community 
structure (Johnson, 2000). 
The benefit of rarity is that low abundance ensures participation in highly efficient 
mutual sustenance due to strong neighbourhood interactions with other species (Boucot, 
1990). In heterogeneous environments new species are more likely to persist than in 
ecosystems dominated by strongly suppressing key generalist species (McGrady-Steed et 
al, 1997; Robinson et al, 1995). This strategy appears to require rapid dispersal, a high 
degree of novelty and diversity in experience, behaviour, population genetics, and 
frequent ecosystem reconfiguration. Limiting similarity leads to high speciation rates 
and this novelty is favourable because it leads to finer partitioning or complexity in 
ecosystems by adding to the choice of pathways and diversity of flows (rev. Belyea & 
Lancaster, 1999). The cost is a low replication potential for occupying an empty site 
with a 'copy'. Rare species therefore suffer from a high level of extinction due to low 
abundance, random extinguishment by environmental perturbations, and less broad 
adaptations (Gaston, 1994; Sankaran & McNaughton, 1999). In the context of an 
ecosystem, Wilson & Willis (1975) referred to the costs of each trade-off as 
"truncation of ecological guilds" as the "well-known but seldom emphasised early loss 
of specialists and large species". 
Thus long-term survival may be favoured in uncommon, intermediate-sized, semi-
specialist species (e.g. Brown, 1995). These species adopt a moderate level of novelty 
by lessening the stringent requirements imposed by an interactive neighbourhood and 
thereby increase their abundance to a level where the colonisation rate is higher than 
that of generalists by a minimum amount. This intermediate strength of neighbourhood 
interaction represents a kind of temporary compartmentalisation. The fossil record 
suggests that such compartmentalisation can be established rapidly, on the order of 10 
ka, and more fortuitously than generally assumed (e.g. Futuyma, 1989; Shapiro, 2002). 
Ricklefs (1989) rules of thumb suggest that significant changes in ecosystems driven by 
changes in population processes (births, deaths, dispersal) occur on time-scales of 1-10 
generations. That is, insect population dynamics will probably track environmental 
change as it happens but behaviour involving strong interactions between species usually 
takes longer to establish, from 10 to 100 generations (rev. Lawton, 1994 ). Thus 
changes in species composition via competitive exclusion usually lag behind rates of 
environmental change. 
Uniformitarian theory 
Uniformitarian theory is somewhat aligned with Clementsian views and predicts that 
identical species abundance patterns and assembly processes recur. Hutton's 
Uniformitarian Principle outlined in his Theory of the Earth (1788) states: "In 
examining things present we have data from which to reason with regard to what has 
been; and from what has actually been, we have data for concluding with regard to 
that which is to happen hereafter". Essentially, this means that the processes operating 
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in the past are unlikely to have changed and that future and past outcomes can be 
accurately predicted if the underlying controlling processes are sufficiently known. 
When this principle is applied to non-living things that do not necessarily depend on 
anything else, evolve or increase in experience, the past may well be the key to the 
present. For most non-living entities, uniformitarian principles hold. For example the 
slope of a sand pile with a set grain size will always move towards the lowest state of 
energy whether it is today or 100 ka. However, when uniformitarian principles are 
applied to biological organisms they frequently break down because the present is 
unlikely to be exactly the same as the past due to constantly changing experience and 
evolution (e.g. Scarsbrook, 2002). 
Combinations of individualistic, autogenic, and uniformitarian theory 
Possibly all processes identified by individualistic, autogenic, and uniformitarian 
categories of theory actively produce species abundance patterns but within different 
spatio-temporal contexts. For example, patterns may occur as a result of different 
strengths of operation amongst processes ranging from extreme environmental control 
with individualistic species responses to minimal environmental influence with strong 
species interaction (e.g. Cohen, 2000). 
If stochastic and individualistic processes of assembly dominate, ecosystems are 
reported to be less likely to maintain similar configurations. Species new to the 
ecosystem arrive and disappear and these fluctuations are mediated mostly by 
environmental conditions. Coope (1990; 1994) suggests that these conditions may 
result in a complete evolutionary standstill resulting from insufficient genetic isolation 
between species populations. According to this scenario, there is constant movement 
and dispersal at the individual level, while at the species level, there is habitat tracking 
and evolutionary stasis. At the ecosystem level, integrity is low and there is constant 
reconfiguration and limited interaction strength or synchrony between component 
species. Patterns quickly break down as soon as members of the ecosystem act on 
environmental disturbances because this results in a flux of structural rearrangements. 
Such continuous rearrangement necessarily hampers definition of ecosystem boundaries 
(Scarsbrook, 2000; Winterbourn et al, 1981). 
These dynamics also predict that random extinction predominates due to the stochastic 
environment and that survival time is associated with initial abundance. Nevertheless, 
while species are exposed to greater heterogeneity in environmental conditions and 
neighbourhood interactions in the form of multiple species combinations, ecosystems 
may survive due to weak competition or predation resulting from the instability of 
conditions and residence time. Rare species may survive because they can co-exist with 
(or are not out-competed by) common generalists under such variable conditions. Thus 
species diversity may be maintained because predation is at low levels due to increased 
energetic requirements under such dynamic conditions. 
If autogenic processes of assembly dominate, species are predicted to become more 
clumped and genetically isolated and evolution become less static. Clumping apparently 
keeps the intensity of competition at a low level and allows the survival of multi-
species assemblages rather than the survival of a single winner (rev. Pacala & Levin, 
1997; Tilman & Kareiva, 1997). Thus, rare novel species that survive to develop a 
sufficiently clumped density may accumulate and the species diversity of local 
populations increase. Under these conditions, inter-specific interactions may develop in 
neighbourhoods with longer residence times. Further, successful interactions between 
newly evolved species or coexisting species that were formerly independent may result 
in amplification and stabilisation away from the instability of random configurations 
(rev. Tilman & Kareiva, 1997). Under such a scenario, many species are likely to be 
rare while most new combinations resulting from migration jumps or range expansions 
32 
Chapter 1. Review 
Sophia Dimitriadis 
are likely to occur between common generalists that have settled since moving 
considerable distances under fluctuating environmental conditions thereby leading to 
persistent assemblages (Robinson et al, 2000). While diverse and stable multispecies 
coexistence may seem paradoxical under strict local displacement by a dominant 
competitor, it may occur because neither the dominant competitor nor any other group 
of competitors can occupy all sites (Tilman, 1994). 
Examples of interactions between species in such a system may include, host switching 
with resulting effects on trophic cascades (e.g. Belyea & Lancaster, 1999; Brancelj, 
2000); integration of species into new functions (rev. Weiher & Keddy, 1995); 
innovation in use of metabolic pathways; and cooperation that closes feedback cycles 
(Ulanowicz, 1980). Some interactions appear highly compartmentalised with large 
changes in some ecosystem components and resulting flow-on effects. For example, 
Arctic charr switched predation strategies and this resulted in a number of trophic flow-
on effects including eradication of Cyclops abyssorum tatricus (Brancelj, 2000). Some 
of the flow-on effects were changes in the trophic structure of the ecosystem reflected 
in fine-resolution sediment analyses of chironomid, diatom, and cladoceran remains 
over the past 600 yrs in which most significant shifts in the structure of the ecosystem 
occurred over the last 30 yrs. A further example, of changes in aquatic food webs that 
result from invasions of new predators are the effects of the dragonfly Cordulegaster 
boltonii that invaded a stream with a well-described food web (Woodward & Hildrew, 
2001). The pre-invasion web was species-poor but complex with prevalent intraguild 
predation, cannibalism and omnivory while the post-invasion web became more 
complex and omnivory increased with no species loss. 
Table 1. Summary of results from the literature surveyed on contemporary ecological 
and palaeoecological theory of species abundance patterns and assembly processes. 
Individualistic theories Auto!!:enic theories Uniformitarian theories 
Species abundance pattern: Species abundance pattern: Species abundance pattern: 
Shallow relative abundance Intermediate relative abundance Steep relative abundance versus 
versus species sequence plot. versus species sequence plot. species sequence plot. 
Log-normal distributions. Rare Log-series distributions. Geometric-series distributions. 
species dominate. Unique & Temporary Common species dominate. 
constantly changing compartmentalisation of Persistent or recurring 
assemblages or collections. assemblages/collections. assemblages/collections. 
No modern analog 
combinations for 
subfossils/fossils. 
Assembly process: Assembly process: Assembly process: 
Stochastic or weak interactions, Site-assembly with the Coordinated responses in 
dispersal, immigration or interaction of biota with accord with assembly rules, 
emigration, strong relation environmental aging, dispersal biotic interactions. 
with environmental tolerances. & reproduction. 
Scale of sampling: Scale of sampling: Scale of sampling: 
Small scale - perhaps Intermediate scale - perhaps Large scale - perhaps 
equivalent to a diversity, the equivalent to ~diversity, the equivalent to y diversity, the 
diversity of species within a rate and extent of change in richness of species of a range of 
site. species along a gradient. habitats in a geographical area. 
Patterns of high local diversity Patchy neighbourhoods with High metacommunity diversity 
and low metacommunity clumping. and low local diversity. 
diversity. Maximum Maximum neighbourhood 
neighbourhood heterogeneity. homogeneity. 
Poorly geographically- Highly geographically-
connected. connected. 
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Intra-specific dynamics: Intra-specific dynamics: 
Mostly rapid speciation & Intermediate speciation & 
extinction. extinction. 
Inter-specific dynamics: Inter-specific dynamics: 
Opportunistic colonisers, Abundance varies with 
innate dispersers, no clumping, moderate dispersers. 
interactions. Many species Some symbiotic, mutualistic 
develop abundance lower than relations, cooperatives, and 
their full potential or coupling between species. 
'metaspecies'. 
Conditions last long enough 
Conditions never last long for interactions to develop: 
enough (at least Ricklef's 1-10 Ricklef' s 10-100 generations. 
generations) for interactions For insects this ~50-100 yrs, 
with abiotic or biotic factors to molluscs, ~500-1,000 yrs. 
develop - evolutionary stasis. 
For insects this is 
approximately annual change, 
for molluscs decadal change. 
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Intra-specific dynamics: 
Mostly slow speciation & slow 
extinction. 
Inter-specific dynamics: 
Innate home-stayers, 
propagules, clones, species-
wide responses and strong 
biotic interactions but with 
generalist tolerances. 
Conditions are too stable to 
promote speciation and 
divergence, old adaptations are 
sufficient and "living fossils" 
may be very competitive in 
unchanging habitats. Change in 
ecosystem structures occurs 
infrequently when component 
species finally go extinct. For 
insects ~ 1.5 m.y., for 
molluscs, 23 m.y. 
Table 1 (continued). Summary of results from the literature surveyed on contemporary 
ecological and palaeoecological theory of species abundance patterns and assembly 
processes. 
Individualistic theories Autogenic theories Uniformitarian theories 
Distribution ranges: Distribution ranges: Distribution ranges: 
Very few endemic taxa found Characteristic taxa that share 2 Many endemic taxa and some 
only in 1 region because all regions and semi-cosmopolitan uncommon semi-cosmopolitan 
taxa are constantly on the taxa that share ~3-4 regions are taxa that share habitats with 
move. Most taxa are therefore the most abundant because cosmopolitan taxa. 
considered to be cosmopolitan species are beginning to form 
or semi-cosmopolitan. patches and become genetically 
isolated. 
Temporal: Temporal: Temporal: 
Highly dynamic. Complex dynamics. Stable dynamics. 
Catastrophic, disturbance- instabilities, environmental Typical of some mature natural 
oriented. oscillations. systems but common at 
impacted, polluted sites where 
only common generalists 
survive. 
Trophic strategy: Trophic strategy: Trophic strategy: 
Generalists exploiting widely Intermediates, omnivores. Specialist carnivores and 
available food resources highly developed 
common, especially mutualistic/symbiotic relations 
detritivores and omnivores. (e.g. fig/wasp) are likely to be 
common. 
Models and statistics: Models and statistics: Models and statistics: 
Pulse wave, multiple Contingency, conditional Homogeneous flow, stiff 
fluctuations, unsynchronised, probabilities. systems, defined frequency, 
low coefficient constancy. Evenness, reversion, synchronisation, high 
E.g. Log-series distribution oscillation. coefficient constancy. 
model E.g Geometric distribution E.g. Log-normal distribution 
model model 
34 
Chapter 1. Review 
Sophia Dimitriadis 
Boundaries 
If species abundance patterns result from intermeshing processes ranging from 
individualistic almost stochastic processes through to uniformitarian and deterministic 
states then there are several implications. One is that most ecosystem structures have 
"fuzzy boundaries" in both time and space where individuals are the most distinct 
components of life systems because they live and die as recognisable units. By 
comparison, species are far less autonomous than individuals because they incorporate 
changes and survive as arbitrarily defined units according to 'The Species Concept ' for 
various lengths of time (Paterson, 1985). Species abundances are therefore comprised of 
similar individuals some of which are unique and many of which have considerable 
genetic and morphological variation sometimes resulting in taxonomic 
indeterminateness. 
Another issue for the allotment of boundaries is that the outcome of 'survival of the 
fittest' depends on the qualities of the other intra-specific contenders and therefore is 
not entirely independent/individualistic. For example in a case of intra-specific trait 
regulation amongst members of the marine polychaete, Capitella capitata, which is 
characteristic of stressed marine sediment habitats, at least six sympatric sibling species 
are present (Grassle & Grassle, 1976). Such tolerant opportunistic taxa may be 
considered as 'metaspecies' in which species are continuously becoming extinct and are 
being formed. The question is then are individuals really ever discrete, completely 
independently operating units? 
Boundaries are even more difficult to define at the next hierarchical level of multi-
species assemblages or ecosystems. In this case, the identification of boundaries is less 
associated with identifying where one taxonomic group begins and ends but is concerned 
with where the connections, regulations, and influences of an ecosystem begin and end. 
Are local species assemblages ever independent of regional influences? Why don't 
regional influences always swamp local patches and lead to one large homogeneous 
species abundance distribution? One explanation is that different ecosystems are at 
different stages of development or recovery from disturbance and therefore interact to 
a lesser or greater extent according to their more individualistic or uniformitarian 
tendencies. 
Odum ( 1969) cites empirical evidence that greater internalisation, feedback, cycling, 
specialisation, and information are all attributes of more developed ecosystems. In an 
example from an ecological study, cichlid fish in Lake Tanganyika are highly 
integrated, involving extreme feeding specialisations and inter-specific mutualism 
(Chapman et al, 2000; rev. Cohen, 1998). Are these systems more likely to be self-
contained, stable, and less dynamic than others? 
Certainly some assemblages are established rapidly in disturbed habitats with the 
development of simple trophic cascades. For example, temporary pools with dragonfly 
larvae have few chironomid midge larvae and high chlorophyll concentrations whereas 
pools lacking predators support many midges and have low chlorophyll concentrations 
with a consequent decrease in turbidity (Therriault & Kolasa, 2000). Are the species 
abundance patterns of each pool ever completely discrete, completely independent 
operating units? One suggestion is that the whole of life may be a partially hierarchical, 
interacting complex of systems nested inside one another and bound together, both 
within each level and across levels ('up' and 'down') by complex positive and negative 
feedback and feed forward regulations (Hooker, 1994). This may explain why some 
boundaries between individuals, species, and ecosystems are so difficult to discern. 
Perhaps the key to understanding the controlling processes responsible for most species 
abundance patterns is likely to be in the regulatory thread joining hierarchical levels 
rather than in separate components. If this is the case, individuals, species, ecosystems, 
or the environment are not envisaged as the sole locus determining species abundance 
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patterns. Instead the outcome is a product of numerous interactions at many spatio-
temporal scales. A justification for this explanation is that if this were otherwise, there 
would be no difference between local and regional membership and removing limits on 
movement between regional and local areas amounts to ignoring space completely 
(Cracraft, 1994; Levine & D'Antonio, 1999). At this point, it is important to note that 
such necessary restrictions between regional and local compartments do not imply that 
assemblages are immobile but they may be highly mobile in the sense of Coope's range 
expansions and contractions. Indeed space may be seen as where every randomly-
walking life system carries an interaction neighbourhood with it (Gandhi et al, 1998). 
Given the obvious importance of time and space in determining ecosystem boundaries, 
it is important to provide an adequate scale-delimited framework for these studies 
(Constable, 1999; Haines-Young et al, 1993; Kadmon & Heller, 1998; Kareiva, 1990; 
Stone et al, 1996). The model of Kelt et al (1995) seems an appropriate framework, 
the total species pool (TSP) of a focal site is determined by large-scale biogeographical 
processes, operating at regional scales equivalent to species population dynamics 
spanning an entire continent. 
A subset of the TSP, the geographical species pool (GSP) is able to disperse to the focal 
site and hence is available to colonise a specific local site. This category is the most 
difficult to identify but may be akin to ecotonal boundaries. Another important 
consideration is that different life history stages of a single species may inhabit different 
GSP's. For example, larvae may be aquatic and adult stages terrestrial and some larvae 
may disperse over greater distances within aquatic habitats than others especially in 
extensive habitats like the benthic marine environment. 
A different subset of the TSP, the habitat species pool (HSP), allows establishment and 
development under environmental conditions within a focal region. Change in 
environmental constraints at this scale may be locally catastrophic in which case 
extinctions are non-selective and chaotic or they may have cyclical or fluctuating 
environmental conditions with various levels of biotic interaction. Both the GSP and 
the HSP contain potential colonists, but only species belonging to both subsets will be 
available and capable of colonising the focal site. According to Kelt et al, (1995), the 
ecological species pool (ESP) is the intersection set of the GSP and the HSP. Belyea and 
Lancaster (1999) further define an actual species pool (ASP) that is a subset of the ESP. 
All of the aforementioned spatial compartments may be anthropogenically expanded. 
For example, long-term success and integration of an invading species is much more 
likely in an aquatic system permanently altered by human activity than in a lightly 
disturbed system. This is due to a number of factors, but most obvious is the fact that 
human-disturbed systems such as reservoirs are more uniform and tend to resemble one 
another over broad geographic areas so that ASP and ESP resemble HSP and GSP. Some 
of the most altered systems around the world could be considered as having GSP and 
HSP characters at a scale of ESP and ASP. Consequently, generalist species are likely to 
be abundant in donor sites and find a ready home in recipient sites. The result has been 
the development of a cosmopolitan fauna that stretches across oceans. This amounts to 
temporarily extending the length of time the 'best competitor' displaces other elements 
and reduces local diversity. 
Do species abundance patterns differ from random assembly null models? 
Before determining what processes may have led to a particular species abundance 
pattern, a first step is to test if patterns differ from stochastic, null models, that is, to 
identify whether patterns are anything beyond randomness. Null models of species 
distribution patterns are generated usually as presence/absence matrices and tested for 
dissimilarity/similarity (eg Gotelli, 2000). A suite of literature is dedicated to the 
question of measuring the similarity of ecosystems or assemblages and what level of 
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complementarity must be exhibited to be considered 'similar' (Bennington & Bambach, 
1996; Colwell & Coddington, 1994; Wilson et al, 1996). Many terms are used for 
describing the association between pairs of units, for example, similarity, proximity, 
dissimilarity, and distance. Similarities usually lie in the range zero to one where 
increasing similarity implies increasing likeness. All exact self-similarities are equal to 
the maximum possible value, one. When distances decrease with increasing likeness, 
they are usually non-negative and self-distances are zero. Ecosystem dissimilarity 
indices can be used to distinguish among groups of assemblages by testing the hypothesis 
that dissimilarity among assemblages within a group is significantly less than between 
other groups of assemblages. Cluster analysis is useful in grouping assemblages based on 
the similarity in species composition between assemblages and discriminant analysis can 
be used also to determine whether the species composition of groups of assemblages 
differ significantly between clusters (Mimmack et al, 2001 ). 
Methods such as cluster analysis operate most naturally with inter-specific data, whereas 
some ordination methods, such as principal coordinates analysis are traditionally 
described in terms of distances and can be used in conjunction with environmental data 
(ter Braak, 1983). However, it matters little which form of association is chosen, since 
similarities can be transformed readily to distances, and vice versa. The main 
disadvantage of Euclidean distances lies in the dominance given to the larger data values 
of most abundant species (Collins et al, 2000; Mimmack et al, 2001). Since the 
Euclidean metric is a function of squared differences, it is more sensitive than other 
distance measures; although this effect may be reduced by taking a logarithmic 
transformation of data before calculating distances (e.g. Battacharrya) (rev. Digby & 
Kempton, 1987). 
The Bray-Curtis measure is particularly sensitive to large outlying values, which is 
frequent where there are many rare species, and its disadvantage is that it is not a metric 
measure (Bray & Curtis, 1957; Marchant et al, 2000; Mumby, 2001). Correspondence 
analysis is sensitive to the presence of rare species in datasets whereas principal 
components analysis, or multidimensional scaling is sensitive only to dominant species 
(Jackson, 1993; Marshall & Elliott, 1997). 
Many studies compare outcomes from several techniques, although in some contexts, 
down-weighting or removal of scarce species from statistical analyses is necessary to 
meet mathematical requirements (Birks, 1995; Chapman, 1999; Fore et al, 1996). In 
the identification of species-environment relations, dominant and moderately abundant 
species most accurately reflect environmental conditions because scarce species are 
likely to have specialised, unusual behaviours. However, for analyses examining 
diversity patterns, scarce species are important because patterns can result from 
behaviours that are more biologically interactive or dependent (e.g. Tanganyikan cichlid 
fish) and comprise the largest component of diversity (Cohen, 2000; McArdle & 
Anderson, 2001; Mante et al, 1997; Scarsbrook, 2002). 
Most difficulties associated with the comparison of ecosystem patterns against random 
null models are not associated with measuring similarity but in generating an appropriate 
null model for comparison, especially for observational studies (Colwell & Winkler, 
1984). Clumping artefacts may be generated by techniques that simulate independent 
colonisation by "notional species" of "notional sites" by producing matrices drawn 
equiprobably using a method of random interchanges (Gotelli & Entsminger, 2001). 
This is because preserving sums of notional species and sites from 'real data' 
inadvertently may incorporate the effects of competition by including inter-specific 
interactions affecting the number of species at a site or the number of sites a species 
occupies. 
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In an attempt to remedy this problem, patterns formed completely due to random 
processes in homogeneous environments have been generated as null models. However, 
the checked patterns that appear frequently as outputs from these models are likely to 
become uninterpretable when overlaid on more realistic heterogenous environments 
(e.g. Thomson et al, 1996a). Thus it has been suggested that more appropriate tests for 
random distributions in heterogeneous environments are tests for the absence of 
clumped dispersion and it is hypothesised that non-random distributions of rare species 
data, even with many zeros, cannot have a Poisson distribution (Welsh et al, 1996). 
It has been suggested that evenness of the observed local ecosystem is a better test 
statistic for identifying non-random ecosystem structures and the distribution of 
expected evenness scores for assemblages along a continuum could be directly compared 
(e.g. Pielou, 1966; Ricotta & Avena, 2002). Others have suggested exploration using 
statistical techniques such as Principal Components Analysis involving inspection of 
the eigenvalue spectrum (ter Braak, 1986; Townsend et al, 1997). In studies with strong 
gradients, eigenvalues associated with a deterministic component make it possible to 
distinguish patterns that do not correspond to those associated solely with stochastic 
noise (Grossman et al, 1991). 
Whatever test is selected, patterns need to be compared with null models where every 
individual sees the mean-field or average abundance of the various co-occurring species. 
Importantly, this mean-field view has no spatial structure because the assumption is that 
individual organisms encounter one another in proportion to their average abundance 
across space (Berec, 2001). This assumption is in the Lotka-Volterra equations for two 
interacting species (Liu & Elaudi, 2001). Mean-field assumptions only hold when 
physical forces cause strong mixing of organisms usually at small scales but may also 
hold during 'ebullient' environmental conditions. However, mean field models fail where 
a substantial part of ecosystem energy flows are directed toward continuous, adaptive 
reconstruction, and when clumping begins. This may explain why conventional models 
of carbon and energy flow fail because ecosystem components are treated incorrectly as 
invariant whereas in reality both structural elements and flows are in constant flux 
(Falkner & Falkner, 2000). Ironically, mean-field models therefore are appropriate 
tests for null ecosystem structures and when they fail, processes other than stochastic 
mechanisms are supported. 
Identifying the effects of sampling and taphonomy obscuring patterns 
resulting from assembly processes. 
If species abundance patterns are thought to be more probable than null models, then 
another requirement is to show that patterns are not entirely due to sampling and 
taphonomic effects. This process is again a matter of degree since these effects are 
never fully removed from empirical results. For example, rare species always have their 
ranges underestimated. This is particularly evident in samples that are standardised by 
using equal-sized sampling areas or collecting effort since the severity of range 
underestimation tends to be directly correlated with species richness (Colwell & 
Coddington, 1994). This effect occurs because the sample size, per species, tends to be 
smaller in richer samples when equal numbers of individuals have been sampled or equal 
effort expended. Adjusting sample size in proportion to estimated richness only partly 
overcomes this problem because all species can never fully be sampled in time and 
space. 
Thus, ecologists are confronted with various difficulties associated with scarce species: 
temporal constraints, experimental design, removing artefacts from manipulated 
systems, isolating tightly integrated regulatory processes, and dealing with inherently 
noisy systems typical of studies conducted at ASP, ESP scales (Pickett, 1989; Thomson 
et al, 1996; Timms, 1985; Veijola et al, 1996). Sampling problems related to sample 
size and effort in modern ecosystem surveys are evaluated directly and can be 
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manipulated by developing the relationship between observed species numbers and the 
number of units counted (e.g. Cao et al, 1998; Veijola et al, 1996). By contrast, 
sampling bias in fossil systems is generated by limits to the quantity of fossil material 
examined from a site and problems associated with spatial fidelity (Behrensmeyer, 
2000; Holland, 2000; Kidwell & Flessa, 1995; Schmlih, 1993). Palaeoecologists deal 
with spatial constraints, can not manipulate systems, and encounter most problems in 
isolating finer-scale effects from broad fluctuations typical of records mostly at GSP or 
TSP scales (e.g. Bennington & Bambach, 1996; Martin, 1999). Both approaches 
exclude most of the assembly processes of ecosystems (See Table 1, e.g. number of 
generations versus spatiotemporal scale of most ecological studies). 
Palaeoecologists can obtain some measure of the effects of sampling bias by comparing 
accumulation curves from living ecosystems with fossil counterparts where modem and 
fossil ecosystems/assemblages are sufficiently similar and available (e.g. Kidwell & 
Flessa, 1995; McKinney, 1995). However the species richness of fossil assemblages is 
only a relative measure and is not comparable to ecological species accumulation curves 
because spatial and temporal changes in abundance are conflated (Pickett, 1989). 
Populations within an ecosystem migrate across the area of deposition so that, as in 
Walther's Law, lateral facies and abundance changes are translated into vertical 
stratigraphic changes (facies bias) (Martin, 1999). Thus fossil species in a vertical 
sequence of stratigraphic samples follow a "species-area" curve (McKinney, 1996). This 
is because, as the individual fossil in depositional area traverses populations of different 
species, the process is analogous to taking random samples of individuals around an 
expanding area. This is not a methodologically expanding sample of increasing area, as 
in many ecological species-area curves, but is a random sampling of increasing area. 
Thus, a plot of the cumulative number of new species identified with each vertical 
sample is interpreted as increasing area sampled randomly and not systematically. 
Species richness is also defined differently from that in ecological contexts and is the 
number of species isolated from a given fossil sample size (Kidwell & Flessa, 1995). 
Ecological species richness, on the other hand, is usually defined as the number of 
species observed with no new species according to set additional sampling effort 
(Gaston, 1994). 
Fossil information can be improved by testing the effect of rarity and sampling between 
ecosystems that have high and low diversity in fossil assemblages (McKinney et al, 
1996; Raup, 1975). McKinney (1996) simulated the effects of preservation on species 
diversity. A striking result was that diversity, in low-diversity ecosystems mostly 
consisting of abundant species, is virtually indistinguishable from high-diversity 
ecosystems until over 1 % of the individuals of each ecosystem is sampled. If sampling 
error is considered, there is at least a 5% chance that the two ecosystems have the same 
"taphonomic" diversity until about 5% of individuals from each ecosystem are sampled. 
Probabilities for most fossil records are likely to be better than 5% firstly because the 
model assumed that all individuals had an equal chance of preservation and sampling, a 
problem common to all rarefaction methods, and secondly because time-averaging, a 
condensation bias, compensates for these losses (Raup, 1975). 
The species diversity of fossil records may also be affected by large information losses 
due to low anatomical fidelity in the category of preservation bias (Kidwell & Flessa, 
1995). These biases lead to inadequate taxonomic resolution and an inability to 
differentiate between closely related species within ecosystems (Korhola et al, 200 l ). 
Fossil ecosystems most often consist of species, or body parts of species, with high 
potential for fossilisation due to a mineralised skeleton or resistant cuticle (Miller, 
1991). Thus, not all members of ecosystems are preserved equally and important 
taxonomic characters may be lost. This can be partially corrected by combining 
phylogenetically related species into higher-level monophyletic lineages prior to 
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analysis, e.g. species groups, subgenera, or genera as warranted by best available evidence 
of relationships (Riddle, 1996). 
Another insidious limit to the resolving power of the fossil record is the scale of time-
averaging, a condensation bias, in which fossils from successive time intervals are mixed 
by physical and biological agents (Meldahl et al, 1997). Processes of mixing and 
transport, before burial, may cause distorted or inaccurate environmental 
reconstructions. Mixture of different source ecosystems in relatively large, permanent 
saline lakes has been analysed in South-eastern Australia (Gasse et al, 1997). This 
process can mix remains from successive generations, obliterating the record of short-
term variation and sometimes blending once-discrete ecosystems into composite 
assemblages (Miller, 1996). 
Fortunately, less time-averaged snapshots can be captured in many settings because 
sedimentation is episodic and thus can capture short~term events. Furthermore, the 
readily preserved components of both marine and freshwater ecosystems generally do 
not suffer from significant transport out of the original life habitats and only a few taxa 
are subject to strong transport effects (Behrensmeyer et al, 2000; Broderson & 
Lindegaard, 1997; Walker, 1987). Some studies find virtually all species with 
preservable hard parts present in local fossil assemblages, in correct rank abundances, 
although smaller body sizes are usually under-represented (Behrensmeyer et al, 2000; 
Kidwell & Flessa, 1995). Time-averaging nevertheless imposes a primary trade-off in 
the fossil record - a uniquely long temporal perspective with a relatively coarse 
temporal resolution (Meldahl et al, 1997). 
An additional problem with fossil records relates to another facies bias where long-lived 
environments such as lakes require tectonism to maintain basin configuration and space 
for adequate sediment accumulation. The cycle of lake basin filling means that lakes 
eventually become marshes or river channels. Thus environments also "evolve" and do 
not last forever (Phillips, 1999). When an environment changes it may lead to 
unconformity biases (e.g. Meldahl et al, 1997). For example, lake basins in arid areas 
preserve lacustrine records only during suitable climates. During dry periods their 
sediments often deflate and remnants of high-stand lacustrine episodes may be eroded 
and redeposited in subsequent filling cycles (Bohte & Kershaw, 1999; McFarland, et al, 
1999). This trade-off between denudation and sediment-accumulation in open and 
closed lakes has been reviewed (Einsele & Hinderer, 1998). 
Erosional unconformities, accompanied by more or less important stratigraphic hiatuses 
can be common but difficult to recognise. In high-energy sedimentary facies, such as 
tidal channels, scouring features commonly occur. Unfortunately, assemblages in these 
environments tend to consist largely of transported remains, and are constantly subject 
to reworking, such that palaeoenvironmental interpretation may not be conclusive 
(Behrensmeyer et al, 2000). Similarly, lacustrine deposits cannot survive glaciation 
intact and thus most temperate lake deposits are less than 20 ka in age (Bradbury, 
1999). Long-lived lakes such as Lake Tanganyika are most common and continuous in 
comparatively stable climatic environments (Cohen et al, 1997; Tyson et al, 2001). 
Subfossil records from these very ancient lakes may therefore show biased evidence of 
mostly static species abundance patterns although very rapid speciation followed by 
stasis, is observed more frequently in littoral ecosystems compared with the long-term 
gradualism of some pelagic ecosystems (Martens et al, 1994 ). 
Predictive models as a tool for identifying assembly processes. 
Once data is collected in the form of ecological surveys or subfossil/fossil samples from 
several study sites, the tradeoffs between factors often is explored by applying models 
to the frequency distributions of species or their rank abundances and testing whether 
the typical "length" of patches from real patterns matches predicted lengths (e.g. 
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Colwell, 1997; Loubere & Qian, 1997). Predictive models aim to capture the patterns as 
a model and then to extrapolate in an effort to reliably predict future ecosystem 
structures resulting from a set of opportunities, constraints, and contingencies. Usually 
models are deterministic with fixed inputs and outputs (Constable, 1999). However, 
models also can be probabilistic and these allow the incorporation of a number of 
interacting processes to examine the complexities of potential resulting species 
abundance patterns. J.A. Shapiro (1998) wrote: "/predict the concept of organism will 
increasingly be seen as a fundamental idea throughout science, which in all fields is 
moving away from Cartesian reductionism towards a more connectionist, interactive 
view of natural phenomena. Exploring this more organic view of nature will require 
detailed investigation of self-organising complex systems". 
Cluster analysis is often used to forcibly divide species distributions into groups, 
assuming that data is heterogeneous (De' Ath, 2002). The groups are then usually 
compared with data from factors likely to be 'causes'. Alternatively, ordination 
techniques summarise large data sets by reducing multi-dimensionality into lower 
dimensions and displaying simplified patterns of species interrelationships by extracting 
major directions of data variation. Weighted-averaging techniques perform well with 
noisy, species-rich data that contain many zeros and outliers. However, there is the 
problem that organisms are unique and unlikely to respond to a change in their living 
environment in precisely the same way (Toivonen et al, 2001). Thus, another method 
of analysing species abundance patterns and assembly processes is to divide species into 
functional groups (rev. Mikkelson, 1993; Weiher & Keddy, 1995). This may involve 
summarising species ecological strategies to reveal functional tradeoffs such as those 
associated with trophic interactions (McKinney, 1995). For example, among 
Chironomidae species, early colonisers are often detrital feeders, followed by algal 
feeders, and finally predators (rev. Batzer and Wissinger, 1996). In aquatic 
bioassessment, different trophic levels are hypothesised to have different energetic 
requirements that reflect the quality of the habitat (Jennings et al, 2002). Thus aquatic 
ecosystem resilience and health frequently is evaluated in terms of whether such systems 
are dominated by quickly dispersing detrital feeders or by resident and broadly tolerant 
predatory species (Ruse, 2002). It is therefore important to control for phylogeny that 
influences the functional groupings of taxa independently of ecological explanations 
(Silvertown & Dodd, 1996). 
Another approach is to define linkages within ecosystems using other measures of 
energetic flows such as biomass size spectra, or exergy (Han & Straskraba, 2001; 
Jorgensen, 1988). The biomass distribution of species, over a sequence of body size 
intervals, is a good descriptor of the structure of aquatic ecosystems (Dickie, et al, 
1987). "The distributions of the macro-flora and fauna are characterised by low 
migration rates, high rates of allopatric speciation and local extinction, and they are 
therefore contingent upon the frozen accidents of evolution and human influences; 
biogeography is important. On the other hand, the micro-flora and fauna show high 
rates of migration and tend to be cosmopolitan in distribution" (Harris, 1999). 
Moment closure methods offer a further alternative and rely on a non-mean-field 
spatial approximation to write equations governing average abundances of each species 
(the means or first moments of the stochastic process) and equations governing spatial 
variances and covariances (the second moments). The crux of the problem for these 
models is that a closure rule that either states that some moments are negligible or 
expresses the higher moments in terms of lower moments is required because any 
system of equations governing the first n moments contains yet higher moments (rev. 
Loubere & Qian, 1997). So again, the problem of defining boundaries arises. 
Nevertheless, Pacala and Levin (1997) successfully adopted the simplest closure rule -
that terms containing the third moments in the equations for the variances and 
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covariances are negligible if both mean numbers of individuals per patch and movement 
rates are not too small. 
Moment closure models fail when stochastic drift of the relative abundances within each 
patch is large because this leads to large third moments. This effect is closely linked to 
the size of the local population, which is kept small in the model by density 
dependence, allowing relatively large random fluctuations in local relative abundance. 
The random "drift" of species toward high local relative abundance is reinforced by local 
dispersal, which biases the ecosystem composition of new recruits in favour of the 
locally most abundant species. 
Bayesian hierarchical models provide an alternative technique for analysing ecosystem 
structures and appear likely to produce reliable estimates of future configurations 
(Christen & Nakamura, 2002; Schmid & Brown, 2000; Toivonen et al, 2001; Western, 
1998). Bayesian models accommodate the unique and hierarchical qualities of life 
systems and predictions can be extrapolated without over-fitting across systems in a 
region or, alternatively, may be restricted to a single site. "The hierarchical approach 
is, therefore, a practical compromise between entirely site-specific and globally 
common parameter estimates." (Borsuk et al, 2001). The second advantage of this 
approach is that it identifies uncertainty in parameter estimates (Omlin & Reichert, 
1999). 
Whatever the approach and choice of models, the identification of assembly processes 
will involve addressing the following hypotheses: 
1. Exactly the same species abundance patterns do not recur because perpetual 
equilibration or constant environmental change negates the existence of absolute 
'sameness'; 
2. Sampling and taphonomic obstacles are themselves influenced by a life system and 
therefore are not entirely independent pattern-producing processes; 
3. Individualistic responses are most common in disturbed, unpredictable habitats where 
metaspecies may be common; 
4. Autogenic responses are most common in moderately disturbed, semi-predictable 
habitats where species are more likely to have clumped distributions; 
5. Strong environmental gradients have a variety of different assembly processes that 
operate at various strengths along their length; 
6. Detritivores are most common in disturbed environments while herbivores maintain 
the highest abundance in intermediate environments; 
7. Standardising for the rate of turnover observed in ecosystems using a single study 
organism allows the effects of disturbance and spatiotemporal scale on diversity to 
be evaluated; 
8. Differences in scale play a role in explaining the Pleistocene/Holocene paradox 
between ecosystem individualism (minimal similarity) and coordinated stasis 
(maximum complementarity) patterns. 
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Abstract 
The estuarine gradient along the Clyde River (35°42'S, 150°15'E) was sampled 
seasonally at five shallow riffle stations to study Chironomidae (Insecta: Diptera: non-
biting midge) larval assemblage patterns and dynamics between April 2001 and January 
2002. Riffle stations were located between fresh and strongly marine-influenced 
conditions at a site approximately 7 kilometres south of the tidal limit to examine the 
spatio-temporal patterns of chironomid assemblages. From the collection of 5, 735 
chironomid larvae a diverse assemblage of 44 species belonging to 4 subfamilies was 
identified from benthic kick/sweep sampling and rock-washes. All chironomid 
assemblages had non-random distribution patterns and were strongly structured with 
respect to spatial position along the salinity gradient. This pattern persisted between 
the five seasonal samples when there was minimal assemblage change and migration 
along the gradient. This was attributed to the ameliorating effects of the sea on 
climate and strong responses to the estuarine gradient. No discrete brackish larval 
fauna was identified and the abundance of many species gradually declined with distance 
from the freshest station. Taxa that were exclusively present in freshwater included 
several carnivorous Tanypodinae that were notably absent from the two tidal sites in 
the lowest reaches of the river at salinities normally tolerated in athalassic waters. 
Other species restricted to freshwater included Nanocladius sp., 
Demicryptochironomus sp., Polypedilum vespertinum, Zavreliella nr 'S l ', Riethia 
stictoptera, and a species of Podonomposis. The most important taxa in the brackish 
zone were Parakiefferiella variegatus and two Cladotanytarsus species, while 
Semiocladius crassipennis was identified in large numbers at the estuarine station most 
influenced by marine conditions. 
Keywords: Chironomidae larvae, estuarine gradient, transitional environments, 
assemblage patterns, species diversity, processes of assembly. 
Introduction 
The most recent decades encompass the period of greatest anthropogenic impact on 
Australian lentic and lotic environments (rev. Boulton & Brock, 1999; Stein et al, 2002). 
Consequently research is increasingly directed towards understanding the response of biota 
along environmental gradients and particularly in habitats relatively unaffected by 
anthropogenic factors. This has occurred in response to increasing concerns about managing 
water shortages, water extraction, algal blooms, pollution, heavy metal accumulation, 
salinisation, rising sea levels, invading pests, and harvesting commercially important species 
such as oysters (Batzer & Wissinger, 1996; Bendell-Young, 1999; Wilber, 1992). 
Of the few remaining relatively pre-impacted Australian rivers, knowledge of 
biodiversity patterns, dynamics, and rates of biotic and environmental change 
encompassing the full range of spatial and temporal scales is not yet available 
(Constable, 1999). At the biogeographic level, most aquatic environments in Australia 
have a low level of spatio-temporal predictability and this has led to a variety of life-
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strategies and a more homogeneous fauna than in many other parts of the world (rev. 
Kershaw, 1995; Lake, 1995). This is particularly true of the Chironomidae (lnsecta: 
Diptera: non-biting midges) that have short generation times, some drought-resistant 
larval stages, and relatively unhampered broad-scale dispersal abilities that appear to 
make them especially responsive to prevailing environmental conditions (Botts, 1997; 
Delettre, 1988; Delettre & Morvan, 2000; McKie, 2001). Moisture regimes, 
temperature, seasonality, oxygen, salinity, and habitat persistence are some of the 
most important factors controlling the distribution, assembly, and biodiversity of these 
aquatic insects at the larval stage (e.g. Brooks & Birks, 2001; Carter & Fend, 2001; 
Cranston, 2000a; Dimitriadis & Cranston, 2001; Framenau et al, 2002; Marchant et 
al, 1985; Rossaro, 1991; Ruse, 2002; Verschuren, 1994; Vinson & Hawkins, 1998). 
Alternatively, in some situations, assembly rules and biotic interactions are predicted 
to be more important as underlying factors responsible for some species abundance 
patterns (Frouz et al, 2001; Tokeshi, 1994; Weiher & Keddy, 2001). 
Although there is little available information on estuarine chironomids, considerable 
progress has been made towards the documentation of Chironomidae diversity and 
assemblage structure in Australia's athalassic and fresh waters (Cranston, 1996; 
Cranston, 1997; Cranston, 2000a; Cranston et al, 2002; Edward, 1986; Timms, 1992). 
Identification of the Chironomidae relies on adult, pupal and/or larval characters, 
although ecological and environmental monitoring studies increasingly focus on pupal 
skins for ease of collection or the abundant larval stage because adult life is short and 
individuals spend most of their life as larvae (e.g. Cranston, 1995b; Cranston et al, 
1997; Cranston, 2000). On the basis of such Australian wetland surveys, four groups of 
Chironomidae have been recognised (Edward, 1986): 
a) Permanent lentic-water species dominated by Chironominae and Tanypodinae. 
b) Lotic-water species, which in high montane areas are mainly cold-
stenothermal Orthocladiinae, Diamesinae and Podonominae, and include in 
lower areas Aphroteniinae, some Chironominae and Tanypodinae. 
c) Ephemeral-water species, which are mainly opportunistic, permanent lentic-
water Chironominae and Tanypodinae, but also some specific drought-resistant 
species from the Chironominae and Orthocladiinae. 
d) Marine species. 
The processes leading to Australian larval chironomid species abundance patterns and 
dynamics are closely linked with the distribution of environmental gradients and the 
operation of other less understood assembly processes (rev. Preface, Chapter 1; e.g. 
Botts, 1997; Fesl, 2002b; Samuels & Drake, 1997; Tokeshi, 1993). Natural ecotones 
such as estuarine gradients are predicted to be sites where the strongest environmental 
processes are likely to be detected in response patterns of biota, and larval 
chironomids are one of the few aquatic insect groups spanning the entire length 
(Cranston, 1995a; Hashimoto, 1976; Hofmann & Winn, 2000; Pinder, 1986; 
Verschuren, 1994; Williams & Hamm, 2002). 
The estuarine gradient is of particular interest because, aside from the presence of 
extreme transitional conditions for chironomids, it may be considered to represent an 
unravelling of the assembly process where "environmental and dispersal constraints 
set the boundary conditions" (Belyea & Lancaster, 1999). At such environmental 
gradients, fauna! tracking may appear individualistic or coordinated according to the 
tolerance thresholds of assemblage members that either have different tolerances or 
share similar thresholds (rev. Schopf, 1996; Walter & Paterson, 1994). If upper 
tolerances of a phylogenetic group are breached, the entire assemblage of species along 
the environmental gradient can be affected. This spatial expression of the assembly 
process is similar to the temporal perspective because it is mostly uni-directional, with 
continuous down-stream drift, and with only a small tendency to reverse or oscillate in 
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response to seasonal or broader climatic oscillations relating to marine and tidal 
influence (e.g. LeRoy Poff & Ward, 1989). 
Most models predict that less common specialist species will accumulate at the 
favourable fresh end of the estuarine gradient, the site where most chironomid species 
are thought to have first evolved and are perhaps best adapted, whereas common and 
tolerant species will be more abundant at unfavourable extremes or near break-points 
where entirely different assemblages intervene (rev. Brown & Gibson, 1983; Connolly, 
1997; Kokkin, 1986; Law & Morton, 1996; Neumann, 1976; Williams, 1998; 
Williams & Hamm, 2002). Many chironomid species are stenohaline and do not 
extend into brackish water but certain freshwater Chironomidae, typically 
cosmopolitan genera with broad tolerances, have colonised both athalassic and 
thalassic habitats (e.g. Cannings & Scudder, 1978; Timms, 1983). For example, 
common inhabitants of inland saline waters include Chironomus, Cricotopus, and 
Tanytarsus species that are sometimes reported as including pollution tolerant 
generalists capable of tolerating both low oxygen levels and high nutrient 
concentrations (Armitage et al, 1995; Bervoets et al, 1996). For example, Tanytarsus 
barbitarsus is a common chironomid species in Australian lakes of high salinity 
reported between 13 to 200 g/L NaCl (Timms, 1983). 
It is intriguing that while Chironomidae thrive better in marine environments than 
many other insect groups, chironomids have not completely conquered these habitats 
and nearly all marine-dwelling species in the world are restricted to the intertidal zone 
(rev. Colbo, 1996). Chironomidae recorded from intertidal habitats worldwide include 
the subfamily Telmatogetoninae - Telmatogeton, Thalassomya; the subfamily 
Orthocladiinae - Clunio, Thalassosmittia, Eretmoptera, Semiocladius, Tethymyia, 
Cricotopus, Halocladius; and the subfamily Chironominae - Chironomus, Tanytarsus, 
Pontomyia (Hashimoto, 1976; Neumann, 1976; Pinder, 1995). The subfamily 
Tanypodinae is noticeably absent from these environments. This distribution pattern 
is probably true also for marine and estuarine chironomids residing along Australia's 
extensive coastline, though relatively unstudied, genera are reported to include 
Semiocladius, Telmatogeton, Clunio, and Pontomyia (Edward, 1986). 
In Australian wetlands, environmental characteristics typically exert a strong influence 
on the assembly of chironomids that is not restricted to marginal habitats. In the 
Mediterranean climate of Western Australia, where salinities increase with summer 
drying of aquatic habitats, some chironomid species normally regarded as freshwater 
forms have developed a marked tolerance to changes in salinity (Edward, 1986; 
Edward et al, 1994 ). This has allowed rapid exploitation of similar saline habitats and 
populations have sometimes reached plague proportions. Thus it has been suggested 
that adaptations, once developed in athalassic waters, frequently extend to thalassic 
waters and enhance colonisation potential. This is appropriate in an Australian 
context because many athalassic water bodies are dominated by sodium chloride and 
have similar ionic compositions to seawater (Bayly & Williams, 1973; Halse et al, 
1998; Paterson & Walker, 1974; Williams, 1998). 
It has further been hypothesised that the development of salinity tolerances may be 
less apparent in chironomid populations along the eastern coastline of Australia, where 
there are fewer athalassic water bodies and more permanent freshwater flows compared 
with the west. By comparison with chironomid assemblages from Western Australia, 
eastern Australian chironomid populations are therefore hypothesised to be unlikely to 
exhibit the level of salinity tolerance observed in other areas of Australia (Pinder, 
1995). These patterns have never been tested explicitly and it is therefore prudent to 
test for any such biogeographic patterns before pre-impacted estuaries succumb to 
pollution resulting from Australia's rapidly expanding population along the coastal 
margin (Birch, 2000; Kench, 1999; West et al, 1985). It might also be useful to study 
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whether chironomid populations further expand their distribution aided by an 
increasing number of permanent reservoirs and artificial water bodies, like ex-mine 
sites, where conditions are extreme and the potential for adaptation of broader 
tolerances enhanced. In particular, it would be useful to test whether assemblage 
patterns in naturally stressed environments differ significantly from assemblage 
responses in human impacted sites modelled to be associated with a shift from log-
normal distributions with a very long tail of rare species to geometric-series or log-
series distributions with fewer rare species (e.g. Cao et al, 1998). 
Certainly, similar disturbance regimes may lead to a common assemblage response 
pattern because low persistence of an aquatic habitat reduces the amount of time 
available for species to accumulate (rev. Perez-Espafia & Arreguin-Sanchez, 2001). In 
relatively pristine Australian environments, a hypothesis based on this observation is 
that ''phases of aridity, with no refugia into which biota could migrate ... explain the low 
species richness and diversity of the invertebrate fauna of salt lakes" (Williams, 1998). 
Under such extreme drought-driven disturbances, it has been hypothesised that the 
distribution of athalassic chironomid species contracts to the moister coastal perimeter 
with some species surviving in permanent coastal lakes or estuaries when inland water 
bodies disappear during extremely arid phases of the Australian climate (De Deckker, 
1986; Kokkin, 1986). Dispersal to and away from these refuges may be aided by sea 
breezes that travel considerable distances inland, and have been observed to contain 
large numbers of insects (e.g. Drake, 1981 ). This hypothesis is further plausible because 
although tidally-influenced estuaries are quite different environments from thalassic 
waters, and some may have extreme salinity fluctuations leading to low benthic larval 
residence times, estuaries elsewhere in the world provide a continuously available aquatic 
habitat for some chironomid larvae (Williams & Hamm, 2002). 
Additional factors that may be important to the assembly of Chironomidae larvae in 
aquatic systems involve inter-specific interactions: "Species belonging to the same 
genus are by definition morphologically and ecologically similar and have similar 
resource requirements, thus being subjected to a higher chance of strong inter-specific 
competition than species belonging to different genera. Therefore, if inter-specific 
competition is an important organising force of fauna/ assemblages in this group of 
organisms, species are more likely to spread out widely among different genera, 
thereby enabling the exploitation of different niches and reducing the propensity for 
competition." (Tokeshi, 1991) This theory is almost equivalent to Diamond's 
assembly rule where the proportion of available resources consumed increases as 
species invade; with the effect that invading species are likely to be drawn from 
different functional groups until each group is represented, before patterns repeat 
(Diamond, 1975; Fox, 1987, rev. Hraber & Milne, 1997). 
The aims of the present study at the Clyde River estuary are: 
(a) to identify spatial patterns in chironomid larval assemblages along the estuarine 
gradient using relative abundance distributions and biodiversity estimates 
including diversity indices and species richness counts, 
(b) to investigate assemblage dynamics and relationships with estuarine 
environmental attributes over a number of seasons, 
( c) to identify whether a discrete brackish fauna exists, 
( d) to determine the extent ecologically equivalent species replace one another 
along the gradient, and 
( e) to identify the most likely assembly processes leading to species abundance 
patterns along the gradient. 
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Methods 
Study site 
The study was conducted at the Clyde River (35c42'S, 150c15'E) in southeastern 
Australia (Fig. 1) (e.g. Magee, 2001). The total catchment area of the Clyde is about 
1,791 km2 and the waterway area is around 20 km2 (Department Land & Water 
Conservation, 2000; Roy et al, 2001; West et al, 1985). From its sources in the 
Sassafras Tableland north of the Buddawang Range to the coast (-80 km), the Clyde 
maintains relatively high flow. Sampling stations labelled 1 to 5 of the study area are 
located -40, 56, 58, 59.5, 63 km south of the source. The uppermost reaches flow 
through a narrow steep-sided valley cut into bedrock aligned approximately parallel 
with the coast through highly folded Early Ordovician schist, phyllite, slate, andesite, 
and greywacke geology (Brown, 1931 ). This fresh, elevated section flows past a small 
exposure of the Greta Series Clyde Coal Measures, worked in the past, and then 
through Upper Devonian quartzite, conglomerate and shale (Brown, 1931; Galloway, 
1978). The Clyde River then turns east, broadens and slows towards the coastal town 
of Nelligen where the local geology comprises Upper Devonian granite and 
granodiorite beginning at Currowan Creek and terminating halfway down the river 
towards Nelligen. From this locality to the town of Batemans Bay, siliceous and 
carbonaceous chert bearing turquoise, quartz, conglomerate, agglomerate, slate, 
sandstone, and phyllite dominate with an underlying bedrock consisting mostly of 
schists and phyllite presumably of Silurian and Ordovician age (Brown 1931; Galloway, 
1978). 
The modern features of the Clyde River were formed at the Last Glacial, 
approximately 7 to 9 ka BP when sea levels rose and drowned the valley (Kench, 
1999; Roy, 1984; Wray et al, 2001). During the last ice age, sea level reached a 
maximum elevation of 1-2 m above the present level -5.5 to 6 ka BP (rev. Roy et al, 
2001 ). Before this time, the Clyde flowed through a wider river valley (31.23 km2) 
situated in the flat coastal plain that is now fully submerged and forms the continental 
shelf and a large sub-tidal delta (Kench, 1999; Roy et al, 2001). The Clyde's eastward 
diversion is, however, considerably older than the Last Glacial. Mapping of the Clyde 
valley-filling sediments, which represent 37% infilling, demonstrates that the River 
had been diverted eastwards at Batemans Bay since the Oligocene (Roy et al, 2001; 
Spry et al, 1999). This has led to a modern catchment area that covers 2,900 km2 
with only 5% of its vegetation cleared and a waterway area of 19.89 km2 (Department 
Land & Water Conservation, 2000). 
Lag gravel deposits extend downstream to a point between sampling stations 4 and 5 
where mud dominates (Fig. 1 ). These deposits are regularly distributed along the river 
and most of the Clyde's length can be divided into sections of deep pools - mostly 
scoured to bedrock and with little accumulated sediment, extensive runs, and short 
cobbled riffle zones (e.g. Petts & Calow, 1996). Sand and sediments of larger grain-
sizes are found mid-stream in runs along the length of the river whereas mud- and silt-
sized particles occupy areas near banks. Submerged aquatic plants include Ruppia spp. 
and Zostera capricorni. Riparian vegetation is characterised by pockets of temperate 
rainforest or wet sclerophyll forest particularly in the uppermost reaches. Lower 
reaches are characterised by Eucalyptus/Corymbia-dominated sclerophyll forest with 
some Acacia longifolia and Melaleuca ericifolia. Most fully estuarine sites are bordered 
by the mangroves Aegiceras corniculatum and Avicennia marina with fringing forest 
commonly including Casuarina glauca (Austin & Cocks, 1978). 
The climate is temperate with average mean daily temperatures reaching 24cc in 
February and 5.8 cc in July (Bureau of Meteorology, 2002). The highest maximum 
temperature recorded is 43.3 cc and lowest minimum occ. Local topography affects 
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Figure 1 Map of the Clyde River estuary, New South Wales, Australia showing the 
location of the sampling stations. 
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precipitation, particularly in winter when moisture-laden westerly winds prevail and 
deliver precipitates to the western slopes where orographic lift is between 600 and 
1200 m. Mean annual precipitation is 1029 mm, with a range of 690-1660 mm and 
most falls in late summer and early autumn although river discharge displays little 
seasonal variation and recurrent flooding throughout the year is a feature (rev. Briggs 
et al, 1980). The coast has a maximum spring tidal range of 2.0 m and tides are semi-
diurnal (rev. Roy et al, 2001). The tidal levels at the Clyde River have mean high 
water spring tides, mean high water neap tides, mean sea level, mean low water neap 
tides, and mean low water spring tides of 1.5, 1.3, 0.9, 0.5, 0.3 metres, respectively 
(Bureau of Meteorology, 2002). The tidal limit is located upstream of Nelligen and 
slightly north of Shallow Crossing at station 2. The slope of the salinity gradient 
changes daily with tidal cycles and seasonally with some minor variation in freshwater 
inflow between winter and summer and with El Nifio cycles. This pattern of flow 
results in a consistently mixed estuary, with little change in salinity between the 
surface and bottom waters. 
Sampling procedure 
Pilot sampling included pool and riffle mesohabitats at ten stations along the estuarine 
gradient, chosen because factors such as oxygen, temperature, water depth and benthic 
substrate are of known significance for chironomid distributions in rivers (rev. Sheldon 
& Walker, 1998; Vinson & Hawkins, 1998). Pools along the Clyde River contained 
few chironomid larvae and further sampling was restricted to riffle sites only. This 
approach is justified because the habitat type at riffle stations along the estuarine 
salinity gradient is broadly comparable and contains sufficient chironomid diversity 
and abundance at all stations to enable comparisons along the estuarine gradient. The 
discrepancy between pools and riffles appears to result from variation in available 
oxygen and absence of suitable or physically complex substrates (e.g. Vinson & 
Hawkins, 1998). Such a depth-related decrease in the solubility of oxygen is known to 
occur in relation to increasing salinity and thus oxygen is expected to be a strongly 
controlling variable although perhaps of lesser significance in riffles where large 
fluctuations in saturation are considered typical (Petts & Calow, 1996). 
Sampling for chironomid larvae therefore occurred at five riffle stations along the 
estuarine gradient (Fig. 1) and measurement of various physico-chemical parameters 
was carried out five times, approximately every two months between April 2001 and 
January 2002. The riffle stations were located from a site above the tidal limit at 
Shallow Crossing to a brackish zone ~20 km downstream and dynamics of species 
abundance and richness were investigated at each station with particular attention · 
given to constancy and resilience measures. 
To assess sampling effects, rock-washes and kick-sweep netting were used (e.g. Bradley 
& Ormerod, 2000; Hardwick et al, 1995a). Rock-washes sampled sedentary or grazing 
species by washing 7 medium-sized cobbles with an average circumference of 40 cm 
into a bucket, and concentrating the product through a l 00 µm sieve. Kick-sweep 
netting over the breadth and width of the riffle with a 500 µm mesh for a set period of 
5 minutes sampled larvae from a diverse array of habitats and captured highly mobile 
species (e.g. Frost et al, 1971). Samples were placed in plastic containers or clip-lock 
bags and transported live to the laboratory where they were refrigerated overnight 
before processing. 
Chironomid larvae, pupae, and exuviae were sorted and picked using #4 fine forceps, 
grid-marked Petrie-dishes or Bogorov sorting trays under a stereomicroscope. All 
larvae were mounted in Hoyer's on glass slides and identified using a compound 
microscope. The association between larva, pupa and adult chironomids necessary for 
full taxonomic description was attempted for representatives of most morphospecies 
by individually rearing live larvae in glass vials containing river water that were 
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larvae considered representative of principal taxonomic groupings were examined 
photographed. Water samples were collected in polyethylene Nalgene® bottles before 
sampling larvae and physicochemistry was recorded simultaneously (e.g. Apte et al, 
1998). Conductivity readings were taken using an ACTIVON® pocket conductivity 
meter with a carbon-plate dip probe. Temperatures were measured using a max/min 
thermometer and standard thermometer for air temperatures in the shade. Alkalinity 
of the water was measured with pH paper and compared with lab measurements at 
standard temperature. In the laboratory, an Orbeco-Hellige® water analysis system 
Model 975-MP was used to determine ammonia (nitrogen) using the Nessler technique 
for high concentrations and the Indophenol technique for low concentrations, chloride 
using the silver nitrate turbidimetric technique, iron using the PPST technique for low 
concentrations and the o-pheranthroline technique for high concentrations, and 
phosphate using hot oxidation and hydrolysis/molybdenum blue according to methods 
outlined in the manual (Orbeco-Hellige, 2000). 
Statistical analysis 
Diversity measures, estimators, and the influence of sampling factors 
The effectiveness of sampling regimes was evaluated using the results from estimators of 
species richness and k-dominance curves plotted as a function of kick-sweep and rock-wash 
collection effort. Species dominance curves for rock-washes and kick-sweep netting at each 
site were generated using Estimates ver. 5.0, and Primer® software packages (Colwell & 
Coddington, 1994; Clarke & Gorley, 200 l ). Results were compared directly since field 
observations appeared to suggest that kick-sweep samples were performing Jess effectively in 
comparison to rock-washes when water levels were high. Rarefaction curves derived from the 
relative frequencies of specimens were generated using EcoSim ver. 6.0 to estimate how many 
species would be expected given different sampling sizes and so that diversities could be 
compared at constant sample size (1000 times iteration) (Gotelli & Entsminger, 2001; Grassle 
& Maciolek, 1992. Raup, 1975). 
Several diversity measures and estimators were used to identify the species richness of 
stations along the Clyde River estuarine gradient. A variety was used because when 
comparing biodiversity patterns it is considered necessary to present several measures at 
a variety of scales (e.g. Brose et al., 2003). Specifically, there are various merits and 
disadvantages of using various diversity measures and estimators. For example, the 
discriminant ability of Shannon H' and Simpson's dominance is moderate while species 
richness is good and evenness poor. Further, Shannon and evenness are moderately 
sensitive to sample size whereas Simpson is relatively insensitive to sample size while 
species richness is greatly affected. Shannon-Weiner's H' derived from cybernetics 
(Wiener) and information theory (Shannon) was calculated using Estimates ver. 5.0 and 
PRIMER (version 5) (Colwell & Coddington, 1994; Clarke & Gorley, 2001). It is a 
common measure of diversity assuming that the habitat contains an infinite number of 
individuals. The Simpson-Yule index was calculated using Estimates ver. 5 .0 and is used 
to describe the probability that a second individual drawn from a population should be of 
the same species as the first (Colwell & Coddington, 1994). It was used because it is based 
on dominant species and assumes that the proportion of individuals in an area adequately 
weights their importance. ACE - a nonparametric abundance-based coverage estimator of 
species richness, Bootstrap - a sampling procedure randomly generating species richness 
estimations, Chao! & 2 - both non-parametric species richness estimators where Chao 1 
uses abundance information and Chao 2 incidence information, Coleman - an estimator 
of species richness based on random placement and passive sampling, Fisher's alpha - an 
estimate of diversity based on a statistical Jog-series model, ICE - an incidence-based 
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coverage estimator of species richness, Jack-knifing - a simple form of cross-validation 
estimator known as 'leave-one-out', and the Michaelis-Menten richness estimator based 
on an equation for enzyme kinetics were calculated to estimate the 'actual' species 
diversity of larval chironomids occurring at each riffle station along the Clyde River 
estuarine gradient (Attrill et al, 2001; Coleman et al, 1982; Colwell, 1997; Colwell & 
Coddington, 1994; Fisher et al, 1943; Gaston, 1996). 
Complementarity between stations and seasons 
To identify if discrete brackish species exist and the extent to which ecologically 
equivalent species replace one another at stations along the estuarine gradient, species 
or higher taxonomic groups unique to stations 2, 3, 4, or 5 were sought from 
tabulations of taxonomic richness, relative taxonomic abundance, and total numbers of 
individuals for each station and season. Patterns were explored by summarising the 
similarity of chironomid assemblages using hierarchical clustering with group average 
linking based on Bray-Curtis similarity matrices with log x+ 1 transformation to 
minimise any overwhelming influence from abundant species. The Bray-Curtis was 
considered most appropriate because this similarity coefficient is invariant to changes 
in scale. The similarity matrices used to generate dendrograms from cluster analyses 
were then used to produce non-metric multi-dimensional scaled ordination plots in 
both R- and Q-modes. Chironomid relative abundance diagrams for all stations along 
the estuarine gradient and seasonal samples were generated with PanPlot (PanPlot, 
2002). Diversity profiles were visualised using PRIMER version 5 (Clarke & Gorley, 
2001) by plotting k-dominance curves. In these plots, species were ranked in 
decreasing order of dominance along the x-axis and the percentage cumulative 
abundance (k-dominance) was then plotted against the species rank k. Plots of 
cumulative species counts were also produced for the Clyde River as a whole. 
Additional pair-wise distances between samples were measured as shared species 
observations using additional types of similarity coefficient - Jaccard, Morisita-Hom, 
Sorensen Incidence/Abundance (e.g. Digby & Kempton, 1987). The Jaccard index of 
similarity was chosen because it is the most widely used type of similarity coefficient 
that is a true metric. Correlation analyses using Pearson and Spearman indexes were also 
used to evaluate the match between Chironomidae assemblage patterns between stations 
using the program Graphpad Prism® (Motulsky, 1999). The Pearson index was chosen 
because it is a product moment correlation coefficient denoted by 'r' that assumes 
species have Gaussian distributions whereas the Spearman rank correlation coefficient 
does not have this assumption and provides a useful comparison. 
The match of assemblage pattern with expectations from models based on the activity 
of random, environmental, and biotic factors. 
Chironomid species abundance patterns were then matched against random null model 
expectations for rank abundance patterns using EcoSim ver. 6.0 and fixed-fixed and 
fixed-equiprobable options with 1,000 iterations (Gotelli & Entsminger, 2001). The 
shuffling of individuals among samples was interpreted as removing habitat heterogeneity 
in terms of intrinsic spatio-temporal differences whereas shuffling sample order was 
interpreted as removing effects from unequal sample size. Null models were used to assess 
whether observed patterns in species distributions were distinct from arrangements of 
species taken at random from the regional pool of species; that is, whether patterns are 
structured by positive or negative associations between species. The species co-
occurrence score (C-score) was produced as the average number of "checkerboard units" 
between all possible pairs of species and used as the metric for quantifying the pattern of 
co-occurrence within a presence-absence matrix. The larger the C-score, the less the 
average pair-wise species co-occurrence indicating the increasing degree of mutual 
exclusivity between species. Trophic group co-occurrence scores were also compared 
with model expectations assuming biotic interaction. 
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The match between observed local assemblage patterns and the expectations from biotic 
response models were evaluated using rank abundance distribution plots. Comparisons 
were then made between plots and models assuming either strong biotic interaction or 
independence. Ranked log abundance distribution curves for each station were plotted and 
compared with statistically-oriented models such as the log-series and log-normal models 
and niche-oriented models such as the geometric series (e.g. Tokeshi, 1993). 
Results 
As a whole, 5,735 chironomid larvae were recovered belonging to 44 species (Table I). 
Of the four subfamilies, 111, 4190, 1394, and 24 larvae were collected for the 
Tanypodinae, Orthocladiinae, Chironominae, and Podonominae, respectively. These 
species were assigned to 4 trophic categories because there was insufficient ecological 
information to discriminate between all six of the functional feeding groups exhibited by 
Chironomidae (rev. Ruse, 2002). The groups identified from the Clyde assemblages 
included detritivores, herbivores, carnivores, and omnivores. The distribution patterns 
for species differed significantly in terms of presence or absence at stations and 
kurtosis/skewness (Table 1 ). The relationship between the number of individuals of 
species and their distribution along the gradient was variable with many common 
abundant species tending to have greater variances in population size and standard 
deviations. Some of the most abundant taxa were Parakiefferiella variegatus, Cricotopus 
albitarsus, Dicrotendipes leei, and Rheotanytarsus juliae. Carnivorous species were 
uncommon at all stations except station 1 and most species were detritivores or 
herbivores feeding on diatoms and organic detritus (Table I, Table II, Appendix 3 ). 
Table III and IV present various diversity indices and estimators per station and 
season. The number of species per genus increased slightly with increasing salinity 
along the estuarine gradient with values of 41, 28, 21, 10, and 7 species collected from 
stations 1 to 5, respectively (Table III). Species richness increased at all five stations 
as sample size increased, but richness increased more rapidly at station 1 than at 
stations 3 to 5 indicating that sampling the full complement of species was more likely 
at stations 3 to 5 than at station 1. Jack-knifing reduced the bias of estimates by 
reducing the underestimation of the true number of species in assemblages but 
underestimated species numbers at station 1. The level of homogeneity was examined 
by comparing patterns with expectations where individuals in pooled samples were 
assigned randomly to samples (Coleman's curve) (Table III). Coleman's curve is 
effectively equivalent to rarefaction techniques (Fig. 3a) and shows that taxonomic 
diversity was sampled adequately for this study. According to Shannon's index, 
diversity declined from station 1 to 5 with a similar pattern in Simpson's dominance. 
The exception was that dominance increased at station 5. The Shannon-Weiner index 
showed that samples were of a high quality falling between the expected values of 1.5 
and 3 .5 and supported the possibility that species are proportionally represented in 
samples (rev. Digby & Kempton, 1987). By comparison, patterns between seasons 
were much more homogeneous (Table IV), although there were some differences 
(Table V). There was a small decline in diversity in October and January, associated 
with a smaller sample size in January. Table V compares species that displayed some 
seasonal or episodic shift in abundance with species that had little or no change in 
relative abundance. The ratio of species with some seasonal shift in abundance to those 
with little variation in each subfamily was significant. The Tanypodinae and 
Orthocladiinae were the most seasonal whereas the Chironominae showed little 
seasonal variation. The solitary representative of the Podonominae was present only 
in winter. 
The complementarity between sampling months was high with greatest shared species 
observations between the months of June and August and least between October and 
January (Table VI). Thus species richness and number of individuals sampled between 
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Table 1. The genera, and of Chironomidae collected from five riffle stations the Clyde River 
estuarine gradient, southeast Australia with the number of specimens and the number of riffle stations in which were 
collected. The mean group category for each species is presented where C = carnivore, 0 = H = herbivore, D = 
detritivore. The kurtosis for each species distribution is presented where large values represent strong skew e.g. Semiocladius 
crassipennis. Total larvae: 5,735, Total species: 44. R =Riffle, equivalent to station position down the estuarine gradient. 
Tr. Number Rt R2 R3 R4 R5 Kurtosis 
Gp. Larvae 
Tanypodinae 
Ablabesmyia hi/Ii Freeman c 23 + + + 0.01 
Ablabesmyia notabilis Skuse c 14 + + 12.03 
Djamabatista sp. Fittkau 0 2 + 9.64 
Nilotanypus sp. Kieffer H 56 + + 21.94 
Paramerina sp. Fittkau c 12 + 14.65 
Paramerina sp. 2 c 4 + 19.65 
Subtotal for Tanypodinae 111 
Orthocladiinae 
Botriocladius grapeth Cranston & Edwards H 264 + + + + 2.02 
Genus S03 H 201 + + + + 5.72 
Cardioc/adius australiensis H 41 + + + + 13.32 
Genus Australia sp. B D 479 + + 18.48 
Corynoneura sp. Winnertz H 36 + 13.03 
Cricotopus parbicinctus Hergstrom H 144 + + + + + 8.05 
Cricotopus albitarsus Bergstrom H 487 + + + + 24.79 
Cricotopus brevicornis Drayson & Cranston H 238 + + + 6.35 
Echinoc/adius martini Cranston H 69 + + + 0.46 
Nanocladius sp. Kieffer H 6 + 9.88 
Parakiefferiella sp. 2 H 138 + + + + 12.58 
Parakiefferiella variegatus Hergstrom D 1497 + + + + + 5.61 
Parakiefferiella sp. I H 11 + + 23.68 
Rheocricotopus sp. Thienemann & Harnish D 66 + + 5.12 
Rheocricotopus sp. 2 D 3 + 15.33 
Semiocladius crassipennis Skuse H 164 + 18.06 
Thienemanniella sp. Kieffer D 346 + + 8.73 
Subtotal for Orthocladiinae 4190 
Chironominae 
Chironomini 
Conochironomus sp. Freeman D 3 + + 15.33 
Ciyptochironomus griseidorsum Kieffer D 6 + + + 4.46 
Demicryptochironomus sp. Reiss c I + 25.00 
Dicrotendipes leei Freeman H 816 + + + + 5.41 
Parachironomus sp. Lenz D 7 + 8.25 
Polypedilum vespertinum Skuse D 7 + + 17.01 
Ni/othauma sp. Kieffer H 8 + + 2.36 
Stictochironomus 'K2' Kieffer D 4 + + 9.96 
Xenochironomus sp. Kieffer D I + 25.00 
Zavreliella nr SI Kieffer D 2 + 25.00 
Subtotal for Chironomini 855 
Pseudochironomini 
Riethia stictoptera Kieffer D 16 + 6.91 
Tanytarsini 
Cladotanytarsus unilinearis Glover D 113 + + + + 0.79 
C/adotanytarsus sp. 2 D 85 + + + + 19.50 
Cladotanytarsus sp. 3 D 5 + + 6.65 
C/adotanytarsus sp. 4 D 11 + + 9.16 
Paratanytarsus jeffreyi Glover H 12 + + + l.91 
Rheatanytarsus juliae Glover D 291 + + + 1.62 
Stempellinajohni Glover D 8 + + 2.46 
Tanytarsus nr 'Ml' van der Wulp D 4 + + 19.65 
Tanytarsus nr bispinosus Freeman D 10 + + + 8.16 
Subtotal for Tanytarsini 539 
Podonominae 
Podonomopsis sp. Brundin D 24 + 9.64 
68 
Chapter 2. Clyde River 
Sophia Dimitriadis 
Table IL The subfamilies, tribes, genera, and species of Chironomidae from the Clyde River an cl their 
mean abundance, variance, and distribution along the estuarine gradient. The gut contents for each species 
is assigned to a trophic category where C, 0, H, and D represent carnivore, omnivore, herbivore, and 
detritivore. 
Mean Variance Std Dev. Skewness Gut contents Trophic 
Tanypodinae group 
Ablabesmyia hi/Ii 0.92 2.24 1.49 1.27 Chironomids etc c 
Ablabesmyia notabilis 0.56 1.75 1.32 3.24 Chironomids etc c 
Djamabatista sp. 0.08 0.o7 0.27 3.29 Ostracods & diatoms 0 
Nilotanypus sp. 2.24 72.69 8.52 4.61 Diatoms & detritus H 
Paramerina sp. 0.48 2.34 1.53 3.71 Chironomids etc c 
Parameritza sp. 2 0.16 0.39 0.62 4.35 Chironomids etc c 
Orthocladiinae 
Botrioc/adius grapeth 10.56 305.42 17.47 1.67 Diatoms & detritus H 
GenusS03 8.04 249.20 15.78 2.52 Diatoms H 
Cardiocladius austra/iensis 1.52 17.76 4.21 3.57 Diatoms H 
Genus Australia sp. B 19.16 4870.14 69.78 4.21 Detritus D 
Coryno11eura sp. 1.44 18.09 4.25 3.53 Diatoms & detritus H 
Cricotopus parbicinctus 5.76 169.19 13.00 2.91 Diatoms H 
Cricotopus a/bitarsus 19.48 6918.17 83.17 4.97 Diatoms H 
Cricotopus brevicomis 9.52 349.34 18.69 2.53 Diatoms & detritus H 
Echi11oc/adius martini 2.76 20.02 4.47 1.37 Diatoms & detritus H 
Nanocladius sp. 0.24 0.52 0.72 3.18 Diatoms & detritus H 
Parakiefferiel/a sp. 2 5.52 115.17 10.73 3.18 Detritus H 
Parakiefferiel/a variegatus 59.88 11010.94 104.93 3.27 Diatoms & detritus D 
Parakiejferiel/a sp. I 0.44 3.25 1.80 2.36 Detritus H 
Rheocricotopus sp 2.64 42.40 6.51 4.82 Detritus D 
Rheocricotopus sp. 2 0.12 0.19 0.43 3.88 Diatoms & detritus D 
Semiocladius crassipennis 6.56 409.59 20.23 4.10 Diatoms & detritus H 
Thie11emanniel/a sp. 13.84 1457.80 38.18 3.05 Detritus D 
Chironominae 
Chironomini 
Conochironomus sp. 0.12 0.19 0.43 3.88 Detritus D 
Cryptochiro110111us griseidorsum 0.24 0.27 0.52 2.19 Detritus D 
Demic1yptochiro11omus sp. 0.04 0.04 0.20 5.0 Chironomids etc. c 
Dicrotendipes /eei 32.64 4689.90 68.48 2.46 Diatoms & detritus H 
Parachiro11omus sp. 0.28 0.71 0.84 3.03 Detritus D 
Po/ypedilum vesperlinum 0.28 0.71 0.84 3.94 Detritus D 
Nilothauma sp. 0.32 0.47 0.69 1.95 Diatoms H 
Stictochiro110111us sp.'K2' 0.16 0.22 0.47 3.14 Detritus D 
Xe11ochiro11omus sp. 0.04 0.04 0.20 5.0 Detritus D 
Zavre/iel/a nr 'S I ' 0.08 0.16 0.40 5.0 Detritus D 
Pseudochironomini 
Riethia stictoptera 0.64 2.15 1.46 2.57 Detritus D 
Tanytarsini 
C/adotanytarsus w1iseria/is 4.52 46.76 6.84 1.44 Detritus D 
C/adota11ytarsus sp. 2 3.40 96.25 9.81 4.26 Detritus D 
C/adota11ylarsus sp. 3 0.20 0.25 0.50 2.60 Detritus D 
C/adotanytarsus sp. 4 0.44 1.59 1.26 3.12 Detritus D 
Paratanytarsus jejfereyi 0.48 0.76 0.87 1.70 Detritus H 
Rheota11ytarsus juliae 11.64 396.15 19.90 1.66 Diatoms & detritus D 
Stempe//i11a jo/111i 0.32 0.39 0.62 1.85 Detritus D 
Ta11ytarsus nr 'Ml' 0.16 0.39 0.62 4.35 Detritus D 
Ta11ytarsus nr bispinosus 0.40 0.91 0.95 2.78 Detritus D 
Podonominae 
Podonomopsis sp. 0.96 11.04 3.32 3.29 Detritus D 
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Table III. indices at 5 riffle stations the River estuarine data from seasonal 
with a total of 5,735 larvae and 44 species. Each value outside brackets represents unrandomised data. Each value in 
()represents the mean of 100 randomisations of order Estimates. The Shannon index is a measure of the 
number of common species while the Simpson is a measure of the very common St. = station. 
Species richness estimator St. 1 St. 2 St. 3 St. 4 St 5 
Species richness 41 28 21 10 7 
Number of individuals 2778 1396 946 364 251 
{1145) (2290) (3435) (4585) (5732) 
ACE 42 42 42 42 42 
(43) (42) (42) (42) (42) 
ICE 840 57 49 48 47 
(706) (45) (42) (42) (42) 
Chao 1 41 42 42 42 42 
(48) (42) (42) (42) (42) 
Chao2 840 45 45 45 44 
(706) (41) (42) (42) (42) 
Jackknife 1 40 49 49 49 49 
(36) (44) (43) (43) (42) 
Jackknife 2 0 49 50 50 49 
(0) (44) (43) (43) (42) 
Bootstrap 40 45 45 45 45 
(36) (42) (42) (42) (42) 
Michaelis-Menten Mean 0 44 43 43 42 
(0) (45) (44) (44) (43) 
Cole cumulative 36 39 41 41 42 
Alpha-Fisher's log series 6.8 4.9 3.8 1.9 1.3 
(7.0) (6.9) (6.5) (6.3) (6.1) 
Shannon log e 2.5 2.2 1.0 0.6 0.8 
(2.5) (2.6) (2.6) (2.6) (2.6) 
Simpson (Dominance) 8.8 8.5 3.7 2.3 4.8 
(8.6) (8.6) (8.6) (8.5) (8.5) 
Pielou evenness 0.6 0.6 0.3 0.2 0.4 
Margalef sp. richness 5.0 3.7 2.9 1.5 1.0 
Table IV. Diversity indices for five seasonal samples using data pooled from 5 stations along the Clyde River estuarine 
gradient. Each value in ( ) represents the mean for 100 randomisations of sample order. 
Species richness estimator April June August October January 
Species richness 33 35 34 25 25 
Number individuals 1762 1065 1003 1556 349 
ACE 35 45 44 42 43 
{42) (42) (43) (43) (43) 
ICE 577 55 45 43 44 
(796) (44) (43) (43) (43) 
Chao 1 35 44 47 42 43 
(42) (43) (43) (44) (43) 
Chao2 577 44 43 42 43 
(796) (41) (42) (43) (43) 
Jackknife 1 33 48 46 44 45 
(38) (44) (44) (44) (43) 
Jackknife 2 0 48 47 42 44 
(0) (44) (44) (44) (43) 
Bootstrap 33 44 44 43 44 
(38) (42) (43) (43) (43) 
Michaelis-Menten 0 54 49 47 47 
(0) (44) (44) (44) (44) 
Cole cumulative 38 41 42 42 43 
Alpha -Fishers log series 5.7 6.9 6.7 4.2 6.1 
(7.7) (7.1) (6.7) (6.5) (6.3) 
Shannon log e 2.2 2.4 2.7 1.8 1.5 
(2.8) (2.8) (2.8) (2.8) (2.8) 
Simpson 8.1 8.6 9.1 7.6 5.5 
( 12.0) (12.0) (12.0) (12.0) (12.0) 
Pielou evenness 0.6 0.6 0.7 0.5 0.4 
Margalef sp. richness 4.2 4.8 4.7 3.2 4.0 
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v. genera, and species of Clyde 
their seasonality. 
A. Species with little or no '~""',;ilit~ in 
abundance. 
Tanypodinae 
Ablabesmyia hilli 
Ablabesmyia notabilis 
Djamabatista sp. 
Orthocladiinae 
Botriocladius grapeth 
Cricotopus brevicornis 
Echinocladius martini 
Nanocladius sp. 
Parakiefferiella sp. 3 
Rheocricotopus sp 
Rheocricotopus sp. 2 
Chironomhrne 
Chironomini 
Conochironomus sp. 
Cryptochironomus griseidorsum 
Demicryptochironomus sp. 
Dicrotendipes leei 
Parachironomus sp. 
Polypedilum vespertinum 
Stictochironomus 'K2'. 
Xenochironomus sp. 
Zavreliella nr 'Sl' 
Pseudochironomini 
Riethia stictoptera 
Tanytarsini 
Cladotanytarsus uniserialis 
Cladotanytarsus sp. 2 
Cladotanytarsus sp. 4 
Paratanytarsus jeffreyi 
Stempellina johni 
Tanytarsus sp. nr 'Ml' 
Tanytarsus sp. nr bispinosus 
B. Species with marked seasonal or episodic increases. 
Tanypodinae 
Nilotanypus sp. - absent April 
Paramerina sp. - absent October, January 
Paramerina sp. 2 - present only October, January 
Orthocladihrne 
Genus 'S03' - absent January 
Cardiocladius australiensis - absent January 
Genus Australia sp.B - absent January 
Corynoneura sp. - absent June 
Cricotopus albitarsus - absent January 
Cricotopus parbicinctus - absent January 
Parakiefferiella variegatus -low no's January 
Parakiefferiella sp. 2 - mostly present April 
Semiocladius crassipennis - absent April 
Thienemanniella sp. - absent January 
Chironomini 
Nilothauma sp. -only present August, October 
Tanytarsini 
Cladotanytarsus sp. 3 (lg no. June) 
Rheotanytarsus juliae - low no' s January 
Podonominae 
Podonomopsis sp. - present only June, August 
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seasons was not 
the average 
Sorenson occurred between June and 
indicated that this occurred between 
between October and 
whereas the Morisita-Horn index 
with the lowest 
Complementarity between stations decreased with distance station with shared 
species observations ranging from 27 to 4 species (Table VIia). According to 
Jaccard and Sorenson indices, the least complementarity exists between stations 1 and 
5 whereas the highest is between stations 1 and 2, 2 and 3, and 1 and 3 (Fig. 5). This 
indicated the existence of two assemblage groups, those typical of stations I, 2, and 3 
and a second group with assemblages typical of stations 4 and 5 (Table VIIa, Vllb ). 
The Morisita-Horn index indicated that the least complementarity occurred between 1 
and 4, and 1 and 5 whilst the highest was between stations 3 and 4, 2 and 3, and l and 
2 (Table Vila). Many species distributions were unlikely to be Gaussian at the Clyde 
River however non-parametric tests are less powerful than Gaussian-based tests. Thus 
the results from the Graphpad Prism® tests for correlations showed that stations 1 and 
2 were correlated weakly while stations below 2 were not significantly correlated with 
station l and any relations appeared to decline down the estuarine gradient (Table 
Vllb). 
Species diversity was moderate in rock-wash samples and biased towards grazing and 
more sedentary tube-building species even though large numbers of individuals were 
collected. For every 1,000 individuals sampled in rock-washes, 10 species were 
identified and as sampling increased to 4,000 individuals, about 40 species were 
collected. In total, the rock-washes sampled 3,928 individuals and 39 species. Species 
that were not recovered using the rock-wash technique included 
Demicryptochironomus sp., Djamabatista sp., Stictochironomus sp. 'K2', Stempellina 
johni, Tanytarsus sp. nr 'Ml', and Zavreliella nr 'Sl '.Figure 2a shows percent 
cumulative dominance curves for larvae collected using rock-washes and kick-sweep 
netting. The k-dominance curves for each sampling type are plotted on the same 
graph as identified by the two different symbols. Kick-sweep samples initially have 
higher dominance compared with rock-washes. There were considerable differences 
between curves for stations and seasons (Fig. 2b, 2c ). Figure 2c compares samples 
between months. The surface-area of the rocks was broadly comparable between 
seasons with the exception of the June sample. A total circumference of 142 cm by 
196 cm, 567 x 792 cm, 162 x 222 cm, 158 x 211 cm, and 155 x 205 cm was sampled 
for April, June, August, October, and January, respectively. This means that average 
numbers of midge larvae per square metre at each of the riffle zones as sampled by 
rock-washes was~ 820, 230, 120, 60, and 40 individuals for stations 1 to 5, 
respectively. 
Fewer individuals were sampled in kick-sweep netting with 1,807 individuals collected, 
but species diversity was high with 20 species. The kick-sweep netting technique 
captured five roaming and predatory species that were not sampled in rock-washes. 
Twenty-five species not sampled by kick-sweep netting were: Ablabesmyia hilli, 
Ablabesmyia notabilis, Nilotanypus sp., Botriocladius grapeth, unknown genus "S03", 
Cardiocladius australiensis, Corynoneura sp., Cricotopus parbicinctus, Cricotopus 
albitarsus, Cricotopus brevicornis, Nanocladius sp., Parakiefferiella sp. 1, 
Parakiefferiella variegatus, Parakiefferiella sp. 2, Semiocladius crassipennis, 
Conochironomus sp., Cryptochironomus griseidorsum, Demicryptochironomus sp., 
Dicrotendipes leei, Parachironomus sp., Nilothauma sp., Cladotanytarsus sp. 2, 
Cladotanytasus sp. 3, Cladotanytarsus sp. 4, and Tanytarsus nr 'Ml'. Thus, with 44 
species sampled at the Clyde River, there was minimal overlap between taxa sampled 
in rock-washes compared with kick-sweep netting. 
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Table VI. Estimates ver. 5.0 calculated complementarity for the seasonal Chironomidae larval 
samples at the Clyde River. 
Complementarity Shared Shared Jaccard Sorenson Morisita 
between months species estimate pairwise incidence Horn index 
for pooled data observations comparison index 
1&2 27 36 0.65 0.79 0.58 
1&3 28 29 0.71 0.83 0.64 
1&4 19 20 0.48 0.65 0.09 
1&5 18 24 0.46 0.63 0.41 
2&3 30 34 0.76 0.86 0.44 
2&4 21 21 0.53 0.70 0.09 
2&5 20 52 0.51 0.67 0.22 
3&4 22 23 0.59 0.74 0.06 
3&5 19 20 0.48 0.65 0.40 
4&5 14 23 0.40 0.57 0.00 
Table Vila. Estimates ver. 5.0 calculated complementarity of Chironomidae between stations 
along the Clyde River estuarine gradient. 
Complementarity between Shared Shared Jaccard Sorenson Morisita-
stations along estuarine species estimate pairwise incidence Horn index 
gradient observations comparison index 
1&2 27 37 0.64 0.78 0.42 
1&3 20 22 0.47 0.64 0.02 
1&4 9 32 0.21 0.35 0.00 
1&5 6 0.14 0.25 0.00 
2&3 20 24 0.64 0.78 0.56 
2&4 10 0.33 0.50 0.51 
2&5 6 0.20 0.33 0.22 
3&4 10 10 0.43 0.60 0.99 
3&5 5 0.20 0.34 0.40 
4&5 4 0.28 0.44 0.39 
Table VIIb. Graphpad Prism calculated complementarity of Chironomidae between stations 
along the Clyde River estuarine gradient comparing Pearson correlations that assume Gaussian 
distributions and Spearman non-parametric assumptions. 
Complementarity Value of r 95% confidence Two tailed p value 
between stations along intervals - significance 
estuarine oradient 
Pearson 
1&2 0.3154 0.0239 to 0.5574 0.0348 signif. 
1&3 -0.0615 -0.3488 to 0.2364 0.6881 not signif. 
1&4 -0.0691 -0.3556 to 0.2291 0.6515 not signif. 
1&5 -0.0953 -0.3783 to 0.2040 0.5334 not signif. 
Spearman 
1&2 0.2653 -0.0395 to 0.5251 0.0781 not signif. 
1&3 0.1751 -0.1338 to 0.4529 0.2500 not signif. 
1&4 -0.0720 -0.3658 to 0.2349 0.6383 not signif. 
1&5 -0.0668 -0.3613 to 0.2397 0.6625 not signif. 
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Figure 2a. Cumulative abundance curves for larval chironomid species collected 
using rock-wash and kick-sweep methods from the Clyde River. A= rock-washes; B 
=kick-sweep samples. 
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Figure 2b. Cumulative abundance curves for each station along the Clyde River 
estuarine gradient with individual chironomid species numbers pooled from seasonal, 
rock-wash, and kick-sweep samples. A= station 1, B =station 2, C =station 3, D = 
station 4, E =station 5. 
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Geometric abundance model for Clyde station 1. K = 0.14, p = 0.00. 
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Log series abundance model for Clyde station 2. a= 5.17, x = 0.99, p = 2.12. 
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Log normal abundance model for Clyde station 3. Mean= 0.23, Variance= 1.14, p = 
0.10. 
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Log series abundance model for Clyde station 4. a= 1.90 , x = 0.99, p = 0.00. 
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Log series abundance model for Clyde station 5. a= 1.33, x = 0.99, p = 3.72. 
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Note: No log normal abundance model shown- too few data 
Statistically oriented models such as log-series and log-normal models have been 
successfully fitted to a range of chironomid larval data sets and serve as a convenient 
summary statistic of communities. Communities with a small number of 
taxonomically related species are considered amenable to a more meaningful analysis 
in terms of species-abundance patterns and mechanisms underlying them, for which 
niche-oriented models like the geometric series may hold more relevance. Here, 
comparisons between these three models and the patterns of the natural communities 
occurring at stations along the Clyde River estuarine gradient are made. Some degree 
of arbitrariness and incompleteness in replications is inevitable as it is always necessary 
to choose a more or less arbitrary scale of time and space. It is hypothesised that 
assemblages shift from log-normal distributions to geometric-series or log-series 
distributions with fewer rare species under stress- either natural (increasing salinity) or 
imposed (pollution) 
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numbers 
10 species per 1 
for every 20 
36 species are expected 
riffles the Clyde River 
evidently is a combination of since when samples are pooled variation 
resulting from sampling is minimised. 
The rarefaction curve indicated that similar numbers of species were expected to be 
sampled when compared with actual sampling curves (Fig. 3a). The maximum number 
of species sampled ( 44 species) was attained for around 2000 individuals according to 
this curve and so the sampling regime appears sufficient for all stations. 
When ranked species log abundance plots for each station were compared with 
expectations from three different models for each station (Fig. 3b -3n) to test the 
hypothesis that assemblages shift from log-normal distributions to geometric-series or 
log-series distributions, results varied partly depending on the number of data points. 
For station 1, the best fit was provided by the geometric series model followed by the 
log normal model while the worst fit was provided by the log-series model (Fig 3b-3d). 
The same was true of station 2 (Fig. 3e-g). The best fit was provided by the geometric 
series abundance model followed by the log-series model for Station 3 and 4, while the 
log-normal model was a reasonable fit (Fig. 3h-31), though there was insufficient data 
to evaluate the fit with the log normal model for station 4. Neither the geometric 
series model nor log series models were good fits for station 5 (Fig. 3m-n). Station 5 is 
likely to fit quite a different model because while most species distributions declined 
with distance from riffle station 1, Semiocladius crassipennis and some 
Cladotanytarsus species were most abundant at brackish station 5 and these species 
declined towards station 1 as conditions freshened (Fig. 4). 
The Clyde river larval assemblages may also be compared as a whole rather than 
station-wise. Thus when the fixed-fixed null model expectations (where row and 
column sums of the original matrix are preserved and each random assemblage 
contains the same number of species as the original assemblage) were compared with 
observed patterns, diversity was less than expected by chance (large C-score ). Whereas 
for the fixed-equiprobable model where only the row sums are fixed and the stations 
treated as equiprobable, diversity was greater than expected by chance (small C- score) 
(Fig. 6). 
In terms of total abundance patterns for the Clyde River as a whole, Figure 7 presents 
the cumulative abundance plots for all stations and sampling months (both as 
smoothed permutation plots and as raw cumulative counts). At about 12 samples, the 
total species number is attained and the full diversity of the Clyde River appears to 
have been adequately sampled. The observed patterns are therefore unlikely to be 
greatly affected by sampling bias. 
Figure 8 summarises the physico-chemical data collected from the five stations and 
sampling months. The mean minimum and maximum water depth for stations 1 to 5 
was 61.4 cm and 173 cm, respectively. The maximum water depth difference between 
stations was significant (52%) with a gradual increase in water depth and range towards 
station 5. This increased from a maximum water depth of 57 to 232 cm with minor 
differences between sampling dates. The lowest water levels occurred in April and 
highest water levels in January, although water levels from stations 2 to 5 are tidally 
influenced and recorded depths therefore depend on the time of sampling. 
Mean pH was 5 .55 with a variance of 0.28, and a skewness of 1.10 with a mean range 
of 5.1 to 6.2 from station 1 to 5 that was significant (68%) but with little apparent 
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Figure 5. Estimates ver. 5.0 calculated complementarity of Chironomidae larvae 
occurring at stations 1 through 5. 
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Figure 6. EcoSim ver. 6.0 calculated complementarity/co-occurrence patterns of 
Chironomidae larvae occurring at stations 1 through 5 according to the fixed-fixed null 
model and fixed-equiprobable null model using 1000 iterations, 44 species, and the 
sequential swap algorithm. The histograms give the frequencies of simulated co-
occurrence C-scores for the larval assemblages while the real C-score was 0.408. The 
mean of the simulated indices was 0.329 (variance 0.00029) for the fixed-fixed method 
and 0 .1 78 (variance 0. 00183) for the fixed-equiprobable method. The p value 1. 00000 was 
less than and greater than expected for each null model respectively and the standard 
effect sizes were 4.596 and - 18.011 respectively. 
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Field conductivities recorded at stations along the gradient differed significantly (71 %) 
and the mean field conductivity was 4.92 mS/cm with a variance of 20.54 mS/cm and a 
skewness of 0.48. Similarly, sodium chloride concentrations differed significantly 
between stations (67%) and had a mean of 7.89 0/00 NaCl and a skewness of more 
than 1.95. Mean concentrations of sodium chloride varied from 0.05 0100 at station 
to 24.00 0100 at station 5 with non-significant variation in salinity between seasons 
(19%). Zonation of the Clyde may be identified from combined salinity and sediment 
surveys (e.g. Cotter, 1996). Station 1 represents the head of the river where fresh 
water enters the estuary and where maximum salt penetration at the highest of tides 
does not exceed 5 0/00 NaCL Station 2 represents the upper reaches of the river where 
there is some mixing of fresh- and salt-water due to tidal influence and salinities are in 
the range 5-18 0/00 NaCL Stations 3 to 5 represent the middle reaches of the river 
with faster current speeds and salinities between 18-25 0/00 NaCL Stations below 5 
represent the lower reaches of the river where salinities are between 25-35 0100 NaCL 
Ammonia/nitrogen concentrations increased towards station 5 with significant 
differences between stations (59%). A slight correlation existed with sampling date in 
which higher values were observed in summer. Iron decreased in concentration towards 
station 5 also with significant differences between stations (64%) although there was 
no correlation with sampling date (23%). Iron precipitation was noted at stations 3 
and 4 on most sampling occasions. Phosphorus levels were detectable levels. 
The position of species along correlation vectors are shown in a principal components 
ordination (Fig. 9). Principal-components analysis of physical attributes (not shown) 
explains 85% of the variation. Examination of the loadings of the original variables 
on the four axes indicated that each component represented variation in different sets 
of closely correlated variables. Component 1 is interpreted as water depth and 
estuarine gradient position explaining 43% of the variation. Component 2 is 
interpreted as station position but emphasises salinity, conductivity, pH, ammonia, 
and iron and explains 20% of the variation. Component 3 is interpreted as the 
estuarine gradient and seasonality and explains 12% of the variation. Component 4 is 
interpreted as substrate-related sampling effects and explains I 0% of the variation. 
Species closely associated with the first axis were Dicrotendipes leei and 
Parachironomus sp. that were placed at one extreme and Ablabesmyia and Cricotopus 
species at the other. Species associated with the second axis associated with substrate 
types and salinity had Corynoneura sp.and Demicryptochironomus sp. at one end of 
the continuum and Semiocladius sp., Parakiefferiella variegatus, unknown genus 
"S03", Conochironomus sp, Cricotopus albitarsus, and Cryptochironomus 
griseidorsum at the other. 
Figure I Oa shows the similarity between kick and rock wash samples for each of the 
stations and seasons collected at the Clyde River. These relations are further displayed in 
the nMDS ordination (Fig. 10 b) which shows that station 1 clusters at some distance 
from the other stations. Furthermore, generally there is a gradient from 1 to 5 with 
station 5 samples clustering in the top right corner of ordination diagram. Figure 1 Oc 
then relates these patterns to physico-chemical factors showing that salinity explains 
considerable variation at the most brackish stations while water depth and iron 
concentrations are more closely correlated with the freshest stations. 
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Log (x+ 1) species transformed abundance data. The 6 groups defined at an arbitrary ranked 
similarity level of 40% are indicated. 0 = 0 % similarity, 100 = 100 % similarity. 
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Figure 1 Oc. Q-mode non-metric multi-dimensional scaling (MDS) ordination in two 
dimensions; using a Bray-Curtis similarity matrix for the environmental data from the Clyde R. 
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Discussion 
Diversity patterns 
The Clyde's species richness is typical of many freshwater streams across the Australian 
continent, particularly those of the wet tropics that range from 40 to 59 species per 
stream with an estimated regional species pool of between 110-158 species (Cranston, 
2000b). By comparison, the Clyde's estuarine assemblages contain equally diverse 
assemblages of co-occurring species with a diversity of around 44 species across the 
entire estuarine gradient. A value of around 44 species from a sample of 5, 73 5 larvae is 
reasonably close to results from studies conducted at 44 localities in the Blue Mountains 
where 60 species were identified from 3,929 larvae (Hardwick et al, 1995). These high 
numbers of species from more permanent water-bodies approach the species richness of 
large inland river systems such as the Murray-Darling reported to have at least 17 species 
and up to around 43 species (e.g. Cranston, 1995b; Sheldon & Walker, 1998). 
Not surprisingly, the Clyde's fauna contains few taxa typical of turbid, eutrophic and 
less permanent inland rivers and does not include Chironomus, Stenochironomus, 
Paratendipes, Cladopelma, Harnischia, and Kiefjerulus species. The Clyde does 
however share some cosmopolitan common elements with inland water bodies with for 
example Ablabesmyia notabilis, Cricotopus spp., Nanocladius sp., Cryptochironomus 
griseidorsum, and Parachironomus sp. that are generally eurytolerant and present at 
the coastal dune Lake Gregory in northwestern Western Australia its variable 
salinity regime (Halse et 1998). Of the Cricotopus species, Cricotopus albitarsus is 
noted to be a pollution indicator, although at Clyde its tolerance of natural saline 
conditions is not as broad as taxa like Parakiefjeriella variegatus. The Clyde River also 
shares some genera with other Western Australian coastal lakes including 
Corynoneura, Thienemanniella, and Nilothauma (Edward et al, 1994). 
The Clyde has few species in common with the saline inland lakes of the Paroo 
(Timms, 1993). These saline inland waters may be colonised by taxa in the 
carnivorous subfamily Tanypodinae, and particularly by species of Procladius (Clair & 
Paterson, 1976; Kokkin, 1986; Timms, 1983). However, while this subfamily may be 
common in moderately saline athalassic waters (1 to 13 g/L NaCl), no species in this 
subfamily occurred in the lower reaches of the Clyde or are reported in estuarine 
environments at similar salinities (rev. Colbo, 1996). This distribution pattern is 
unlikely to be related entirely to any inability to cope with elevated salinity and may 
be related instead to additional stresses including a lack of appropriate food resources. 
Both the marine environment and hypersaline athalassic waters especially between 50 
and 80 g/L NaCl undoubtedly stress many species of larval Chironomidae as many 
species are absent (e.g. Ivanovici & Wiebe, 1981; Williams, 1998). 
Within the local region of the southeastern Australian coast, the Clyde River has taxa 
in common with the small, permanent shallow freshwater sand dune lake of McKenzie 
near Jervis Bay with around 14 species in common with the Clyde River (Wright & 
Cranston, 2000). This lake had around 8 taxa that were ever present while the 
remaining species emerged more seasonally. By comparison, similar fresh dune lakes 
like Lake Wabby on Fraser Island in Queensland had around 10 chironomid species 
with a similar composition to the Clyde assemblages (Arthington et al, 1986). 
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Figure 1 la. R-mode dendrogram for hierarchical clustering (group-average linking) illustrating 
Bray-Curtis similarity ofLog(x+l) transformed larval chironomid species abundance data 
collected along the Clyde River estuarine gradient. 0 = 0 % similarity, 100 = 100 % similarity. 
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Figure 11 b. R-mode MDS ordination of chironomid species sampled along the Clyde 
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The Clyde River assemblage may differ from some fresh or saline rivers in having 
independently occurring taxa like Semiocladius crassipennis that are not closely 
associated with other members of the Chironomidae because they occur in microhabitats 
at the extremes of tolerance limits (e.g .. Mercer et al, 2000). The orthoclad 
Semiocladius crassipennis was not found in nearby coastal lakes along the east coast of 
Australia or in settings with comparable salinities to those identified close to riffle 
station five of the Clyde River. This result was similar to a study of the distribution 
patterns of intertidal orthoclads in the Northern Hemisphere including Halocladius 
variabilis and Telmatogeton japonicus that did not occur in Canadian coastal rock pools 
above the high tide mark (Colbo, 1996). Further, Tanypodinae diversity and abundance 
was exceptionally low in marine waters whereas Orthocladiinae and Chironominae were 
generally the dominant subfamilies. This lack of a strong connection between 
Chironomidae from athalassic or estuarine waters and marine habitats has been observed 
elsewhere in the world (Bayly, 1993; rev. Cornell & Lawton, 1992; Furota & Emmett, 
1993). 
Assembly of relative abundance patterns - relations with random, environmental and 
abiotic processes. 
One of the aims of this study was to examine if the estuarine gradient of the Clyde could be 
used as a spatial analogue for the assembly process since "the pattern of temporal replacement 
of species... is quite comparable to the spatial replacement of species along environmental 
gradients" (Brown & Gibson, 1983). Is assembly an individualistic process where all species 
happen to coincide with the distribution of others at riffle stations simply due to random 
effects, sampling bias and the presence of favourable and tolerable environmental conditions, 
or are there sequence effects and biotic interactions that are equally or more important? 
Patterns resulting from random processes, scale-related and sampling effects 
The assembly processes that determine species relative abundance and species richness 
patterns at the Clyde were not observed to correspond exactly with random patterns although 
the Coleman curve was reasonably predictive. Certainly in spatial terms, patterns were 
structured because if patterns were completely random, the estuarine gradient and differences 
between stations would not exist and patterns did not exactly match null models generated by 
shuffling data matrices (Table III). Interestingly, at the Clyde River, the most predictive 
model was generally the geometric-series. This model is likely to have been so predictive 
because the assemblages contained a small number of taxonomically related species. 
Furthermore, these models are frequently interpreted to be associated with intermediate levels 
of environmental stress and the increasing levels of salinity along the Clyde River can be 
considered to be a physiological stress for many freshwater species. The fixed-fixed model 
indicated that species were more closely associated than expected by null models. The only 
patterns that approached fully randomised patterns were those observed in the seasonal data 
(Table IV). 
As expected, the probability of species correspondence with environmental conditions was 
scale-related and hence comparisons required the use of similarity indices such as Bray-Curtis 
which are scale-independent. Although sampling effects certainly bias the likelihood of 
observing correspondence with environmental variables amongst uncommon to rare species, 
the Clyde River patterns were unlikely to be due entirely to the influence of sampling and 
scale-related effects (e.g. Fesl, 2002a, b; Moverley & Hirst, 1999). Nevertheless, the use of 
different sampling strategies is an important consideration when multiple estimates of 
diversity and distribution patterns are investigated across a range of microhabitats. When 
compared with the Coleman function, a type of rarefaction, and Michaelis-Menten, estimates 
are evidently a compromise between rock-wash and kick-sweep samples and consequently 
underestimate the real number of scarce species. The patterns observed were somewhat 
consistent with similar studies of sampling effects (e.g. Cao et al, 1998). 
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u"'"a''"" some species identified at stations 2 to 4 were identified at 
completely station 1 and thus are considered Thus the 
is of gradually intergrading assemblages of species. In the brackish zone Parakie.fferiella 
variegatus, and Cladotanytarsus species dominate. These taxa are different from an 
assemblage made up of Chironomus, Cricotopus, and Tanytarsus present in the 
brackish zone which are also commonly characteristic of fresh habitats, some of which 
may be polluted (rev. Colbo, 1996). This pattern changes abruptly at the most saline 
station 5 where a stenohaline species of Semiocladius was identified in large numbers. 
This species is observed only at a short distance further downstream and not at sites 
approaching the townships of Nelligen and Batemans Bay; however suitable riffle 
habitats were lacking at sites further downstream from station 5. This species appears 
to be the only brackish-water candidate with a highly restricted distribution since it was 
not sampled in summer at similar estuarine riffles or coastal water bodies at Nelligen 
Creek, Narrawallee Inlet, Moruya River, Durras Lake, Lake Curalo, Womboyne Lake, 
Termeil Creek, Meroo Lake, and Werriga Lake along the South-east Coast. 
Thus it is the quantitative chironomid assemblage that is typical of brackish water with 
a given salinity, not the occurrence of one or two particular 'indicator' species, with 
the exception of the species of Semiocladius. Each species in the assemblage 
contributes information by its typical salinity range and optimum in combination with 
its abundance at a particular time and station. Therefore the development of 
Chironomidae as bioindicators of salinity requires autecological indices based on the 
species composition of an assemblage rather than individual species indicators. A 
requirement would some overlap between the chironomid species 
in the habitat salinity prediction or reconstruction and the species occurring along 
the Clyde River estuarine gradient. 
The pre-impacted nature of the Clyde's waters, strength of gradients including salinity 
and river continuum, heterogeneity of microhabitats, maritime climate, and lack of 
complete dry-phases appears to explain much of the species abundance distribution of 
chironomids (e.g. Lindegaard & Broderson, 1995; Vinson & Hawkins, 1998). Gradient-
based distributions along the Clyde relate primarily to water depth and salinity that 
increases from 0.05 0100 to fully marine conditions of about 24 0/00 NaCL This 
transition at around 24 0100 is close to the generally cited division of fresh from fully 
saline fauna (McCoy et al, 1986). However many variables are cross-correlated along 
the estuarine gradient and relationships are difficult to tease apart. Thus although the 
effects of the salinity gradient are pronounced on the chironomid fauna, more 
complex and subtle interrelated gradients of substrate, current speed, water depth, and 
other variables may exist (e.g. Loubere & Qian, 1997). 
An assumption of the study was that the availability of oxygen was unimportant 
because samples were collected at riffle zones where oxygen is likely to be saturated. 
This assumption was supported because there was no evidence of any under-
representation of Orthocladiinae that are less able to cope in oxygen-poor 
environments compared with the haemoglobin-possessing Chironominae. Thus the 
measured variables of general climatic conditions, substratum size, water depth/flow, 
nutrient levels, and horizontal salinity distribution that co-occurred along the gradient 
together adequately predict chironomid distributions at the Clyde; a finding consistent 
with other studies where similar environmental variables were extracted (e.g. McKee et 
al, 2001; Plate II & Potter, 1996; Poff & Ward, 1989; Sibley et al, 1998; Williams & 
Williams, 1998). 
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was significant also after 
between stations. The Jaccard 
that complementarity was ranging from 0.14 to 0.64. Thus while 
of each assemblage at each station shifts the gradient, 
when patterns are adjusted to account for the effects of sample shifts in relative 
abundance become very important and each station has a unique signature despite 
minor seasonal variation. 
Seasonality is more difficult to assess because species level responses generally were 
not significant. Unlike spatial patterns in which assemblage structure along the 
gradient is obvious, temporal patterns are unpredictable because stochastic effects 
predominated. The lack of distinction between seasons and their cohorts indicates that 
dispersal and habitat sorting may produce very similar recurrent assemblages. 
Therefore seasonality was unlikely to be the most important factor explaining the 
distribution of species assemblages along the Clyde's estuarine gradient during this 
study. 
At the subfamily level, weak evidence supported the hypothesis that Tanypodinae 
followed by Orthocladiinae, and Chironominae maintain the least overlap interpreted 
in terms of the number of seasonal species compared with species having complete 
seasonal overlap. The Tanypodinae had 4 out of 7 species, followed by the subfamilies 
Orthocladiinae that had 9 out of 16 and Chironominae, tribe Chironomini had 1 out of 
10, and Tanytarsini 2 out of 9 taxa. This suggests that subfamilies like the 
Tanypodinae have only a slight tendency to be more seasonal perhaps due to broadly 
differing life-history traits that may relate to carnivorous diets. Chironominae 
may have the most consistent populations because they are generally detritivorous 
perhaps lower energetic requirements and the possibility for maintaining viable 
populations when conditions become more stressful (rev. Tokeshi, 1991). 
An alternative hypothesis is that chironomid species relative abundance patterns and 
species richness at the Clyde reflect the permanency of the river flow regime and 
range of available water depths and microhabitats resulting from slow accumulation of 
benthic sediments during the Quaternary. A further question is whether more 
predictable conditions allow chironomids to develop synchronised lifecycles that give 
rise to distinct differences in the assembly of winter and summer faunas? 
At the subcoastal Jacustrine environment of Two Peoples Bay in Western Australia, 
seasonality is evident in populations of Cladopelma curtivalva, Procladius paludicola, 
?Harnischia, Cladotanytarsus mancus, and Chironomus alternans and some species 
are present only in winter including certain Orthocladiinae and Chironomus alternans 
(Storey et al, 1993). The assembly of these faunas appears highly integrated in 
comparison to the Clyde River where there is comparatively little seasonal response. 
Perhaps assembly at the Clyde is best predicted as stochastic because "species richness 
is always in a dynamic state of disequilibrium" but at the same time, delimited by 
environmental conditions (Gaston & He, 2001; Heaney, 2000). 
This has implications for the development of tolerances since this stochastic 
behaviour may have led to the phenomenon that chironomid populations do not 
exhibit the salinity tolerance observed in other areas of Australia (Pinder, 1995). Thus 
it is possible that species like Tanytarsus barbitarsus Freeman, a hyporegulator adapted 
to intertidal marine habitats and salt lakes across southern Australia in addition to the 
usual freshwater habitats of most chironomids, have developed in environments that 
are less stochastic and more predictable, such as those of south-western Australia 
(Kokkin, 1986). Tanytarsus barbitarsus has successfully colonised hypersaline waters 
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but the energetic costs of invading these environments includes a substantial increase 
in generation time requiring a degree of habitat stability and a very high demand for 
food comparable to that of eutrophic systems (Halse et al, 1988; Kokkin, 1986). The 
implication is that predictable temperature and seasonal regimes allow greater 
exploitation of saline habitats (e.g. Levins, 1979). Thus, where conditions become 
more predictable, populations are able to expand with important implications for the 
control of nuisance populations near urban areas (e.g. Davis et al, 1990). 
Another important feature is that the Clyde River has a less abrupt salinity gradient 
compared to many other rivers and streams in the local region because sand deposits 
have not yet clogged the estuary mouth producing more stagnant pools, a feature 
beginning to occur at Moruya River. However, while species numbers appear to 
accumulate in longer-lived habitats, estuarine chironomid species richness patterns do 
not appear to reflect any historic restrictions to chironomid distributions as in some 
terrestrial faunas affected by the Quaternary glaciations necessitating repeated 
recolonisation from refugia and resulting in low contemporary diversity (Arthington, 
1990; Attrill et al, 2001; Boyero, 2002; Platnick, 1991 ). This is because chironomids 
disperse more rapidly than many other estuarine organisms such as molluscs, so that 
chironomids in aquatic habitats are subject to few carry-over effects. 
This study did not specifically target the impact of dispersal and drift on relative 
abundance patterns and species richness of chironomid species. Larvae are certainly 
subject to strong transport effects, especially downstream drift or upstream transport 
in estuaries in association with tidal influx (rev. Williams & Hamm, 2002). Further, 
the dispersion of larval stages over time is an adaptation that helps species avoid total 
eradication during floods, droughts, and other disturbances (Hart et al, 1991 ). However 
these effects were beyond the scope of the present study. Adult dispersal is assumed to 
be relatively unhampered in Australia and larval drift assists in dispersal across the 
gradient. There is abundant evidence for similar adult and larval dispersal patterns in 
Northern Hemisphere estuaries (e.g. Williams & Hamm, 2002). Under such a scenario, 
patterns result from unencumbered female selection of oviposition sites and larval 
tolerances of environmental conditions across stations rather than patterns arising 
simply from barriers to adult migration and local larval movement. 
Across the entire estuarine salinity gradient, species relative abundance patterns 
matched the geometric-series which is different from similar studies carried out along 
benthic transects in completely fresh rivers (e.g. Fesl, 2002). These patterns differ 
markedly from those generated from randomised datasets which tend to underestimate 
the influence of intermediately abundant or scarce species. Real data sets always have 
more scarce species and thus Fisher's alpha estimate of biodiversity, with its tendency 
to inflate scarce species numbers, more closely approaches real species numbers. 
However, the chironomid abundance patterns observed at the Clyde do not result 
largely from sampling or scaling effects since complementary distribution patterns are 
observed in other unrelated macroinvertebrate groups (Cotter, 1996). For example, 
the Clyde's benthic foraminifera do not inhabit stations equivalent to Chironomidae-
sampling stations at Shallow Crossing (station 2), station 3, or station 4 but 
distributions commence near station 5 where there is a low diversity of only six species 
dominated by benthic textulariids occurring in small numbers compared with a high 
diversity and abundance further downstream (Cotter, 1996). This distribution pattern 
in the foraminifera confirms patterns observed in the Chironomidae assemblages, 
indicating that station 5 is transitional where neither brackish to marine nor 
freshwater taxa are completely dominant and only a few specialist taxa are present. 
In addition to assembly patterns resulting from species responses to salinity and other 
physico-chemical variables, some patterns may result from different food distributions 
as reflected by differing abundances between functional feeding groups (e.g. Fesl, 
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not a 
are not known for species. Gut 
taxon were selected and gut contents 
However it was that may vary 
(such as altered food between instars, or 
intake may be less selective than the particles digested. A 
complication is while there was little evidence suggesting food resources were 
limited along the estuarine gradient there were significant differences between station 
flora, fauna, and sediment characteristics including the flocculation of iron and clays at 
sites 3 to 5. Therefore, a more intensive survey of these microhabitats would be 
required to determine the relative availability of food resources. Nevertheless, detrital 
feeders were more common at station 5, algal feeders increased towards station 1, and 
predatory species were restricted to station 1. 
The chironomid fauna of the Clyde River has a high level of redundancy in terms of 
multiple species per genus and many representatives from the same trophic category 
(Table II). This type of redundancy is of significant interest in such low human-impact 
river and may be explained by an intermediate disturbance regime that enriches the 
micro-heterogeneity of resource distributions and may increase the abundance of food 
resources thereby reducing inter-specific competition (e.g. Colbo, 1996; Tokeshi, 
1991 ). These conditions are not always identified in swiftly flowing rivers with cobbled 
stone surfaces, and at these sites, intra-specific and inter-specific competition and 
some adjustments resulting from drift may be responsible for species relative 
abundance distributions and richness patterns (rev. Pinder, 1986). These interactions 
are predicted by classical non-spatial Lotka-Volterra mini-models of competition 
where "the scale of the spatial pattern depends on the ratio between intra-specific and 
inter-specific competition. Jj intra-specific competition is stronger inter-specific 
competition scale · if intra-specific is weaker than 
inter-specific competition large-scale patterns form" (van der Laan, 1996) 
Thus the patterns identified at the Clyde most strongly support processes related to 
environmental determination of distribution and richness patterns, and provide only 
limited support for Tokeshi's ecological hypothesis concerning the interaction 
between redundancy and competition. In particular, the assumption that generic 
association is strongest in the Tanypodinae, intermediate in the Orthocladiinae, and 
weakest in the Chironominae has only weak support (Tokeshi, 1991). Specifically, 
some limited evidence exists for seasonal separation between a large proportion of 
Tanypodinae including Ablabesmyia hilli and Ablabesmyia notabilis; Paramerina sp. 1 
and Paramerina sp. 2. Seasonal separation is further observed between a few 
Orthocladiinae including Cricotopus albitarsus, Cricotopus brevicornis, and Cricotopus 
parbicinctus and there is some evidence for spatial separation between Parakiefferiella 
variegatus and Parakiefferiella sp. l and 2. A similar spatial pattern is observed 
between the Cladotanytarsus species of the subfamily Chironominae. Significantly, the 
two most dominant genera at the Clyde River, Parakiejferiella and Cladotanytarsus 
appear to be much more spatially patchy and temporally constant than seasonally 
variable, a pattern that is in accord with ecological models in which species are more 
likely to disperse into temporally constant than spatially variable environments (rev. 
McPeek & Holt, 1992). Nevertheless, the dispersion of larval stages over time as well 
as space is a common strategy that avoids total eradication during a single flood or 
drought event (Framenau et al, 2002). 
Taking these comparisons a step further, the hypothesis that fewer species per genus 
are expected at more saline stations is rejected. Estuarine impact does not appear to be 
a random loss of species with collapse to monotypic representation of species at 
generic levels. Instead increased species per genus numbers develop at saline stations 
presumably resulting from salinity-tolerant species belonging to a few euryhaline 
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results therefore strongly support some of the tradeoffs in s 
(1991) hypothesis. Congeneric species increase towards station 5 providing a higher 
level of redundancy compared with freshwater assemblages. Dietary analyses of gut 
contents show congeners tend to have similar diets and by inference, resource 
requirements. Because species did not spread out more widely among different genera 
when estuarine stresses were imposed but instead increased their level of redundancy, it 
seems unlikely that inter-specific competition or food availability are the most 
important organising forces in chironomid assemblages at the Clyde River. Instead, it 
seems more likely that physicochemical factors like the nature of benthic substrates, 
stabilising effects from aquatic vegetation, salinity tolerance and oxygen availability 
are the most important organising influences. Species patterns probably result from 
amounts of freshwater input compared with tidally mediated seawater influx, that vary 
seasonally with fluctuations in river flow or annual differences between wet and dry 
years or broad-scale climate change (e.g. Vinson & Hawkins, 1998). Clearly, at the 
Clyde River, large-scale physico-chemically driven patterns are important. The Clyde 
River's estuarine gradient is therefore confirmed as a spatial analogue for assembly 
processes where individualistic and environmental constraints set the boundary 
conditions rather than coordinated biotic associations. Application of the Clyde River 
Chironomidae responses to salinity in order to reconstruct salinity fluctuations from 
subfossil chironomid assemblage stratigraphic records from other sites requires some 
degree of fauna! overlap the Clyde River. More detailed studies should also 
consider the role of dispersal constraints. This is the subject of a larger study 
that would be a valuable pursuit future research. 
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Appendix 1. Larval Chironomidae species identified from the Clyde River, New South Wales, 
Australia. 1. Ablabesmyia hi/Ii, 2. Ablabesmyia notabilis, 3. Djamabatista sp., 4. Nilotanypus sp., 5. 
Paramerina sp., 6. Paramerina sp. 2, 7. Botriocladius grapeth, 8. Genus S03, 9. Cardiocladius 
australiensis, 10. Genus Australia sp. B, 11. Corynoneura sp., 12. Cricotopus parbicinctus, 13. 
Cricotopus albitarsus, 14. Cricotopus brevicornis, 15. Echinocladius martini, 16. Parakiefferiella 
variegatus, 17. Rheocricotopus sp., 18. Rheocricotopus sp. 2. Photographed by Sophia Dimitriadis. 
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Appendix 2. Larval Chironomidae species identified from the Clyde River, New South Wales, 
Australia. 19. Semioc/adius crassipennis, 20. Thienemanniella sp., 21. Podonomopsis sp., 22. 
Cryptochironomus griseidorsum, 23. Dicrotendipes leei, 24. Parachironomus sp., 25. 
Polypedilum vespertinum, 26. Nilothauma sp., 27. Stictochironomus sp., 28. Cladotanytarsus sp. 
2, 29. Cladotanytarsus sp. 3, 30. Cladotanytarsus sp. 4, 31. Paratanytarsus jeffreyi, 32. 
Rheotanytarsus juliae, 33. Stempellina johni, 34. Tanytarsus nr bispinosus. 112 
Photographed by Sophia Dimitriadis. 
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12. 
Appendix 3. A representative selection of the gut contents from various larvae of chironomid species 
from the Clyde River. 1. Classed as Herbivore/Detritivore; 2. Herbivore/Detritivore; 3 
Herbivore/Detritivore; 4. Herbivore/Detritivore; 5. Detritivore; 6. Herbivore; 7. 
Herbivore/Dettitivore; 8. Dettitivore; 9. Carnivore/Omnivore; 10. Carnivore; 11 . Detritivore; 12. 
Dettitivore; 13. Herbivore. Photographed by Sophia Dimitriadis. 
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Subfossil Chironomidae (Diptera) assemblages as evidence for flood events 
in the extensively modified Curalo Lagoon on the southeast coast of 
Australia. 
Abstract 
The estuarine gradient at the impacted southeastern Australian coastal lake, Curalo 
Lagoon (37°03'S, 150°45'E) was surveyed for modern and subfossil Chironomidae 
(Insecta: Diptera: non-biting midge) assemblages. Modern distributions and subfossil 
headcapsule assemblages recovered from four sediment vibrocores from the lagoon 
basin were compared in order to: (1) identify the frequency of saline and freshwater 
phases in the lagoon during the Holocene, (2) to evaluate the possibility of 
reconstructing assemblage dynamics, and (3) to investigate the evidence for contentious 
theories of tsunami events along the southeast coast purported to occur with an 
incidence of once in around a thousand years in the Holocene period (over the past 10 
ka). The study found that chironomid abundance and diversity declined with distance 
from the fresh waters of inflowing creeks. Also, in instances where larger populations 
were present in the central lagoon, they were associated with fine-mud, elevated 
nutrient-levels, and freshwater flushing from runoff, wastewater discharge, and flood 
events. The subfossil chironomid assemblages preserved in the stratigraphic sediments 
of the central lagoon basin indicated that compositionally similar communities 
recolonised the lagoon following each oscillation from saline to fresh phases. However, 
while preservation of the chitinous headcapsules was generally superb, in part aided by 
the accumulation of census assemblages comprising intact larvae deposited following 
anoxic events, more continuously operating taphonomic processes limited resolution 
and permitted observation of only broad-scale trends. Thus the chironomid subfossil 
record has the potential for distinguishing between sediments associated with sporadic 
fresh fluvial flood events and more continuous marine phases especially where the 
delicate tests of foraminifera and diatoms have degraded and dissolved. 
Keywords: 
Introduction 
Holocene, Chironomidae larvae, coastal lagoon, palaeolimnology, 
subfossil assemblage fidelity, southeastern Australia, millennial-scale 
environmental change. 
Unprecedented ecological change is presently occurring in Australia. "Land 
management practices over the past 200 years have left a landscape in which 
freshwater rivers are choking with sand, where topsoil is being blown into the Tasman 
Sea, where salt is destroying rivers and land like a cancer, and where many of our 
native plants and animals are heading for extinction ... and in the face of. .. a terrible 
drought we have heard calls for drought-proofing Australia and turning our coastal 
rivers inland' (Cullen et al, 2002). Rising sea levels, climate change, and pollution are 
impacting coastal lagoons and estuaries and effects will be exacerbated if trends 
continue towards smaller freshwater flows, increased salt-loads, warmer temperatures, 
and higher nutrient concentrations resulting from anthropogenic impacts. For example, 
the response of macroinvertebrates alone is likely to have important consequences for 
fish and birds reliant on such food resources. It is therefore important that 
macroinvertebrate diversity, dynamics, distribution ranges, and rates of assembly in 
Australian coastal lagoons are investigated in relation to environmental changes that 
have occurred already during the late Quaternary (Byrne et al, 2001; Constable, 1999; 
Harvey et al, 2001; Hutchings, 1999; Kench, 1999; National Land and Water 
Resources, 2002; Moverley & Hirst, 1999). 
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Assessments from the Panel on suggest 
if continue unchecked, mean temperatures could increase 
between l °C to 3 .5°C 21 sea 30 and 95 cm Senate 
2000). an increase would be the fastest global rate 
seen for ten years a Earth to 
temperatures not experienced for over one hundred thousand years (Senate 
Environment, 2000). The most severe effects are expected to occur when 
anthropogenic impacts override natural assembly processes including environmentally 
defined tolerance constraints, historic sequence effects, and internal dynamics that are 
hypothesised to conspire to determine species relative abundance distributions and 
richness patterns in aquatic ecosystems (rev. Belyea & Lancaster, 1999; Roy et al, 
2001; Samuels & Drake, 1997; Weiher & Keddy, 1999; Young et al, 1993). 
Identifying the impact of natural stresses from anthropogenic impacts is not 
straightforward in coastal systems because some of the best biological indicators of 
environmental conditions respond weakly to pollution. This is largely due to the fact 
that most estuarine species have broad ecological tolerances adapted for withstanding 
large environmental fluctuations in variables like salinity and other potentially 
covarying physico-chemical variables (rev. Moverly & Hirst, 1999). Thus a favoured 
approach for environmental reconstruction at such extremes is to use multiple 
biological proxies that reflect responses across a whole range of physico-chemical 
variables. At Chesapeake Bay benthic foramifers, diatoms, dinoflagellate cysts, 
ostracods, and pollen were used to reconstruct past environments from radiocarbon 
dated stratigraphic sections covering interannual through to millennial time scales 
(Cooper, 1995; Cronin et al, 1999). 
Non-biting midges (lnsecta: Diptera: Chironomidae) are amongst the few insects that 
have extended their distribution ranges into marine habitats and preserve as subfossils in 
estuarine sediments (rev. Chapter 2). While this reflects a generally broad tolerance 
amongst some Chironomidae taxa, some more specific chironomid species are sensitive 
to environmental changes and have been widely used as biotic indicators for variables 
like temperature and salinity in coastal and freshwater environments using chitinous 
larval subfossil headcapsules (Cheng, 1976; Connolly, 1997; Hofmann & Winn, 2000; 
Walker, 1987). As a result, comparisons between modern assemblages spanning 
environmental gradients (often referred to as 'training sets') and Quaternary 
stratigraphic records are possible, and can be used to reconstruct baseline conditions, 
rates of environmental change, the incidence of rare events, and relationships between 
assemblage dynamics and physico-chemical variables like temperature and salinity 
(Birks et al, 1996; Brooks et al, 2001; Charles & Smol, 1994; Heinrichs et al, 1999; 
Massaferro & Brooks, 2002; Mayle et al, 1999; Lotter et al, 1999; Walker, 1995). 
Although little is known about the ecology of chironomids from thalassic habitats in 
Australia, Australian chironomids are widely used as biological indicators (rev. Chapter 
2). Thus this knowledge gleaned from ecological surveys and autecological studies can 
be applied to species assemblage patterns identified from estuarine palaeorecords since 
"the pattern of temporal replacement of species ... is quite comparable to the spatial 
replacement of species along environmental gradients" (Brown & Gibson, 1983; 
Hunter, 1998). 
In this study, it is hypothesised that benthic chironomid populations are likely to be 
dynamic and responsive to climatic change. Subfossil assemblages may reflect these 
responses because Australian water-bodies along the Southeast Coast persist in times of 
drought (for example the 2002 El Nino event) and sediments can accumulate without 
appreciable deflation. Coastal lagoon salinity and water level is dependent on inflowing 
streams that characteristically have low discharges and great variability in flow along 
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the Southeast Coast. This in part results from the extensive Great Dividing Range and 
narrow coastal plain that tends to result in short coastal rivers and an average annual 
runoff in this drainage division of around 45,000 m3 x 106 or 165 mm (Lake, 1995). 
This geographic feature leads to high variability in freshwater pulses in coastal lagoons 
with a greatly reduced likelihood of gradually changing gradients such as those observed 
at the Clyde River (Chapter 2). Instead, Curalo Lagoon may be more prone to rapid and 
dramatic changes associated with flash flooding, or extensive saline conditions during 
drought conditions or high seas when the lagoon is opened. 
In addition to normal lagoonal openings to the sea and sea level fluctuations associated 
with glacial and interglacial periods, another type of transgression thought to have 
impacted southeastern Australian sites is inundation by tsunami events (Bryant, 2001; 
Dawson, 1994; Young et al, 1993; Young et al, 1996). Contentious evidence for these 
events has been identified at Jervis Bay and the Clyde River, and includes scouring of 
basins, deposition of boulders, and dumped deposits characteristic of tsunami events 
containing shells and sediments dated to have an incidence of around 1 ka. A tsunami 
imprint in the Holocene coastal record of Cullendulla Creek at the Clyde River estuary 
has been dated at 3.2 ka B.P. (Bryant et al, 1992). 
In this study the hypothesis is essentially that if tsunami events left an imprint on 
southeast Australian coastal lagoons during the past few thousand years, then chironomid 
remains would not be expected to occur in deposits grading to the Pleistocene basement, 
and palaeoassemblages from these deposits would have limited application for 
environmental reconstructions as a result of extreme disturbance to the sediment record. 
Alternatively, if chironomids are found to be continuously or intermittently present 
over the past few thousand years extending back to the Pleistocene basement, then 
tsunami activity is more likely to have been absent or associated with limited impact at 
lagoons like Curalo. 
Evidence for tsunami activity is controversial, not least because many coastal sediment 
records, including those of lagoons, hold an apparently uninterrupted record of their 
entire Holocene history (e.g. Hodgkin & Hesp, 1998; Roy et al, 2001). Furthermore, the 
developmental history of southeastern Australian estuaries has "remained untested and 
highlights a gap in our understanding of how changes in estuaries over thousands of 
years have influenced estuary ecology, and in particular, benthic communities" (Kench, 
1999). 
Even if it is proven that sediment records are minimally affected by tsunami events, 
the reconstruction of environmental conditions from coastal lagoonal stratigraphies is 
likely to be more difficult than from freshwater lakes. This is because taphonomic 
influences are more pronounced, species are more likely to be generalists with broader 
environmental tolerances, and less is known about the modern ecology of coastal 
Chironomidae (e.g. Hofmann & Winn, 2000). In spite of these difficulties, successful 
palaeolimnological research on Chironomidae in Australia's inland saline lakes, that 
have an ionic composition almost identical to seawater and conditions that are 
similarly shallow and prone to sediment/subfossil redistribution by wind-driven mixing, 
suggests that this approach is possible (Kokkin, 1986). 
The common characteristics of Australian athalassic and thalassic waters may even 
have led to relationships between inland and coastal chironomid populations. For 
example, one hypothesis is that during extreme arid periods, aquatic invertebrates 
from inland saline waters seek refuge in slightly brackish eastern Australian coastal 
lakes if marine transgressions do not make the habitats completely unsuitable 
(Crowley et al, 1990; De Deckker, 1986; Nekola, 1999). This link is plausible since a 
large proportion of Australia's inland waters are saline with a chemical composition 
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very similar to seawater in which a salt-adapted but depauperate, cosmopolitan aquatic 
invertebrate fauna exists (Williams, 1998). 
Thus the chironomid species distribution pattern and response to environmental change 
at Curalo Lagoon provides an opportunity to compare assemblages from pre-impacted 
and impacted sites and thalassic and athalassic waters. Relative abundance distributions 
represented graphically as rank-abundance plots (log [species abundance] versus species 
rank), k-dominance curves (cumulative relative abundance of the k first species versus 
log [species rank], or as rank-frequency diagrams (log [species relative abundance] 
versus log [species rank] are considered appropriate for such analyses in addition to 
identifying co-occurring species because these characteristics are comparable between 
neontological and palaeontological samples, different sample sizes, and amongst 
assemblages with different species compositions (rev. Bennington & Bambach, 1996; 
Mouillot et al, 2000). An overall measure of the constancy of all species is also 
necessary to assess whether exactly the same assemblages recolonise sites after 
disturbances, such as following saline intrusions during droughts and transgressions by 
the sea, or if recolonisation involves development of very different biotic states 
(Bennington & Bambach, 1996; Sagerin et al, 1999). 
In this study living Chironomidae larvae were sampled in summer and winter along a 
transect running from Palestine Creek to the barrier dune boundary of Curalo Lagoon. 
Results were then compared with subfossil chironomid Holocene records isolated from 
sediment vibrocores from the lagoon basin. Patterns in the distribution of living and 
subfossil chironomids were then examined for evidence of assembly processes including 
environmental controls, historic sequence effects, internal dynamics, and the possible 
operation of assembly rules. Furthermore, the subfossil chironomid stratigraphic record 
was examined for evidence of gradually accumulating sediment, sporadic small-scale 
flood deposition, reworking, or catastrophic tsunami events. 
Methods and materials 
Site description 
Curalo lagoon presently is impounded behind Aslings Beach barrier-island situated in the 
north of Twofold Bay on the Southeast Coast of Australia (37°03'S, 149°55'E) (Fig. l; 
Fig. 2a). It is a broad shallow, brackish coastal lagoon with an average depth of less than 
2 m, a water area of 0.708 km2, and a palaeo-estuary area estimated at 2.10 km2 (Roy 
et al, 2001; West, 1985). It is inferred that the Palestine Creek/Freshwater Creek 
valley was first flooded by a late Quaternary marine transgression between 18 and 6 ka 
BP (Bird, 2000; Kench, 1999). At this time, terrestrially-derived sediments comprising 
oxidised red gravel and sand were flooded and reworked by marine waters and following 
this event, fluvial and marine-derived gravel and shell-rich lag accumulated in the basin 
(Coastal & Marine Geosciences, 1999). Since the marine transgression around 66% of 
the estuary is estimated to have been infilled with marine- and terrestrially-derived mud 
and sands (Brown, 1931; Coastal & Marine Geosciences, 1999; rev. Roy et al, 2001 ). 
Geological mapping and radiocarbon ages of the unconsolidated sediments and shell 
layers deposited recently within and surrounding Curalo Lagoon reveals several 
depositional environments that accumulated during the interval with a more stable sea 
level over the past 6.5 ka (Coastal & Marine Geosciences, 1999; rev. Kench, 1999, 
Kidd, 1978). At present, clean quartzose marine sands are present in barrier, back-
barrier and tidal delta deposits along the seaward margin of the lagoon (Coastal & 
Marine Geosciences, 1999). These typically contain diverse molluscan assemblages, 
although the high energy of this environment has led to poor preservation of most 
biotic remains. Fine-grained terrigenous sediments comprising organic-rich sandy mud is 
most abundant in the central brackish basin (Coastal & Marine Geosciences, 1999). 
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Figure 1. Map ofCuralo Lagoon, New South Wales, Australia. VC = vibrocoring sediment 
collection site, KS = kick/sweep sample for live chironomid larvae. 
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Palestine Creek inflow 
Figure 2a Curalo Lagoon showing Palestine Creek inflow. 
Photographed by Sophia Dimitriadis. 
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Figure.2b. Curalo Lagoon shore margin near the hindbarrier margin, see map - Figure 1 and 
the position of kick-sweep sample 4. Photographed by Sophia Dimitriadis. 
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This fine mud appears to be associated with the western slopes of the catchment and is 
sometimes stagnant due to the low-energy setting of this part of the basin. 
Coarse-grained river deposits occur along the western shore of the lagoon where the 
Palestine Creek fluvial delta extends into the central basin (Coastal & Marine 
Geosciences, 1999). These fluvial sediments include both sandy levee deposits and 
alluvial clay deposited when suspensions of this material carried in floodwaters 
flocculated upon contact with saline waters. The fluvial sands comprise medium to fine 
quartz-dominated grains, often angular to sub-angular with lithic fragments and a 
distinct absence of shells (Coastal & Marine Geosciences, 1999). The Holocene 
sedimentary environments of the lagoon conveniently divide into three facies: marine 
facies, estuarine facies resulting from more sheltered or brackish water settings in the 
central mud basin, and fluvial facies with strong fluvial influences where sediment-
supply outstrips removal and erosion (Coastal & Marine Geosciences, 1999; Kench, 
1999). 
There have been several encroachments by the sea since the formation of the lagoon 
following the late Quaternary marine transgression. These have been recorded at depths 
of up to 2.5 m and documented in survey plans and aerial photographs taken between 
1962 and 1979 (Ballard, 1981). Freshwater floods are common after heavy rains and 
lead to occasional breaches to the sand dune barrier and flushing of the lagoon (Fig. 3b ). 
Sometimes breach events are even encouraged by local residents who open the lagoon 
by digging trenches to the sea. This is conducted when algal growth increases, waters 
stagnate, insect populations increase, and residents complain about odours. Some events 
appear to be associated with shifts in the influx of fresh waters and elevated nutrient 
levels due to human intervention, but these may equally be correlated with El Nifio 
Southern Oscillation (ENSO) climatic fluctuations thought to affect the frequency with 
which the estuarine mouth opens naturally (rev. Powers et al, 1999; Roy et al, 2001). 
In spite of some intermittent contact with the sea, the saline waters of Curalo Lagoon 
are less affected by tidal movements than by prevailing light to moderate northeast to 
southeast winds that dominate in summer months, and westerly winds in winter months. 
This climate is dominated by the Pacific Subtropical, Subpolar Maritime and Subtropical 
Continental Air Masses (Kalma & McAlpine, 1978). Thus, temperatures tend to be 
moderate and have a mean maximum and minimum of 24°C and 6°C in the hottest 
month of February and coldest month of July, respectively (Bureau of Meteorology, 
2002). In spite of these variations, climatic conditions are very stable and summer and 
winter water temperatures differ little. Occasionally extended droughts occur in the 
region and droughts were recorded between late 1978 and early 1983, 1997 and 1998, 
and during this study period in 2002. 
The National Land and Water Resources Audit (2002) classified Curalo Lagoon as 
extensively modified because the catchment was once the site of a medium-sized 
goldmine, grazed and logged. Much of the small 31 km2 catchment is now well-timbered 
with slopes of between 5 to 20°, although in recent years, residential development on 
the northern slopes has increased. Most of the forest is sclerophyllous but there are a 
few pockets of rainforest in some gullies. The underlying sediments are of Upper 
Devonian and Tertiary age and include conglomerate, sandstones, quartzite, shales, 
gravels, and quartz-rich sands (Brown, 1931). 
Curalo Lagoon is surrounded presently by a number of caravan parks, sewage treatment 
works, housing developments, timber yards, and cattle paddocks. Palestine Creek is the 
principal tributary to the lagoon and runs past a small industrial area, residences and a 
swamp. A slightly smaller secondary inflowing creek known as Freshwater Creek runs 
past the old sewage works, caravan parks and covers a similar distance. A treated pine-
board walk was built between July and August 2002 that runs along Freshwater Creek 
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Core stratigraphy and numbers of Chironomidae headcapsules (N) extracted per sample. 
Schematic of Curalo Lagoon sampling regime and influencing factors. 
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and around a large part of the western shore towards the beach. The transition from 
fresh waters at the west to brackish and saline lagoonal waters toward the east covers a 
total distance of less than 900 m and the total water area is 0.708 km2 (Coastal & 
Marine Geosciences, 1999). 
Some extensive biological surveys have been carried out in the local area, describing the 
local geology, vegetation, marine fauna, and some invading marine pests introduced by 
ballast water from foreign ship companies loading woodchips in Disaster Bay. (Austin & 
Cocks, 1978; Hutchings et al, 1989). These surveys documented the saltmarshes as 
being dominated by Juncus maritimus, Phragmites australis, Salicornia quinqueflora, 
and Schoenus nitens. The aquatic weed-beds were described as consisting mostly of 
Halophila ovalis, Posidonia australis, Ruppia maritima, Ruppia spiralis, and Zostera 
caprocorni (Austin & Cocks, 1978). These beds of aquatic angiosperms are associated 
presently with large clumps of green, blue-green and brown algae (Fig. 2b ). 
Sampling methods and data analysis 
Kick-sweep netting using a 500 µm net on the 12th January (summer) and 18th August 
2002 (winter) for 5 minutes sampled chironomid larvae from four sites located along a 
bathymetric-transect (e.g. Frost et al, 1971). This transect ran from the fresh upper 
reaches of Palestine Creek through to the brackish hind barrier of the lagoon. Samples 
were placed in plastic containers or clip-lock bags and transported live to the laboratory 
where they were refrigerated overnight before processing. Chironomid larvae, pupae, 
and exuviae were sorted live and picked using #4 fine forceps, grid-marked Petrie dishes 
or Bogorov sorting trays under a stereomicroscope. All larvae were mounted in Hoyer's 
on glass slides and identified using a compound microscope. Identifications were made in 
reference to a voucher collection (verified by Prof. Peter Cranston) and taxonomic 
keys to the Australian fauna (Cranston, 1996; Cranston, 2000). 
Water samples were collected in polyethylene Nalgene® bottles before sampling larvae 
and physico-chemistry was simultaneously recorded (e.g. Apte et al, 1998). 
Conductivity readings were taken using an ACTIVON® pocket conductivity meter with 
a carbon plate dip probe. Temperatures were measured using a max/min thermometer 
and standard thermometer. pH paper was used to measure the alkalinity of the water. In 
the laboratory, an Orbeco-Hellige® water analysis system Model 975-MP was used to 
determine ammonia (nitrogen), chloride, iron, and phosphate concentrations. 
Conversion between salinity measurements and sodium chloride concentration was 
obtained by multiplying values by 1.65 (Orbeco-Hellige, 2000). Surface sediments were 
collected at each station along the gradient before kick-sweep netting and after water 
samples and measurements. Surface sediments were processed using the same techniques 
described for the core material. 
A National Land and Water Resources vibrocore drilling program examined the major 
depositional environments within Curalo Lagoon including the tidal delta, central mud 
basin and fluvial delta (Coastal & Marine Geosciences, 1999; National Land and Water 
Resources, 2002). A total of four vibrocores (VCl, VC2, VC3, and VC4) were collected 
in early April 1997. The cores were sliced down their lengths, wrapped in plastic and 
stored in a core library in Manly, Sydney. All cores were reported to show minimal 
disturbance and good preservation of sedimentary structures with shell layers, bedding 
structures, lamination of organic material, and trace fossils (Coastal & Marine 
Geosciences, 1999). All cores were re-examined for the present study but only cores 
VC2 and VC3 from the central mud basin were sub-sampled for 3rd and 4th instar 
chironomid remains since VC 1 and VC4 contained very little organic material and few 
to no chironomid head capsules in intensive pilot analyses (Fig. 3a). 
Coastal lagoon sediments are well known for their potential for redeposition or 
bioturbation. For example, breaches by the sea frequently flush lagoons and remove · 
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sediments from the basin or redistribute sediments. Wind-driven currents can have 
similar effects in shallow areas of the lagoon. The influence of these processes on the 
sediment record often can be identified, although as an extra precaution, 10 cm 
sampling intervals were employed to reduce the probability of taphonomic artefacts 
and the stratigraphic records were examined carefully for evidence of taphonomic 
processes. The cores were re-opened and 1 cm by 2 cm blocks of sediment removed 
from the lengths of each vibrocore; these lengths were 311 and 268 cm for VC2 and 
VC3, respectively. The wet weight of each sediment block was recorded before gentle 
washing of the material through a 60 µm sieve. The material trapped in the sieve was 
then backwashed into a Bogorov sorter or grid-marked Petrie dish and examined with a 
stereomicroscope. All 3rd and 4th instar chironomid head capsule remains were removed, 
dehydrated, and mounted on microscope slides in Euparal mounting medium in 
preparation for later identification. Again, chironomid taxonomy followed Cranston 
(1996, 2000). 
Patterns amongst live chironomid larval assemblages at the four principal habitats 
along the estuarine gradient ranging from Palestine Creek to the sand dune barrier at 
Aslings Beach were established by assessing the assemblage composition of all 
chironomid larval assemblages at each of the sites using Estimates ver. 5 and Primer 
ver. 5 to compute species accumulation curves and randomised curves for comparison 
(Chapter 2; Clarke & Gorley, 2001; Colwell, 1997). Statistical estimators of species 
richness based on species-by-station incidence or abundance matrices were also 
generated (rev. Colwell, 1997). Fisher's alpha, Shannon and Simpson diversity indices 
were calculated and compared with indices of biotic similarity. Principal-components 
and regression analyses were carried out to establish relationships between 
environmental and species datasets (Insightful Corporation, 2001 ). Chironomid 
subfossil assemblages and their composition and preservation dynamics in each of the 
vibrocores were examined using the same analyses employed for the contemporary 
samples. Stratigraphic zones were determined by cluster analysis of the assemblages and 
species stratigraphic plots were generated (Insightful Corporation, 2001; Panplot, 
2002). 
Results 
Contemporarv survey 
The air temperature at all sites was between 22 and 23 °C and water temperatures were 
23°C at sites 2 to 4 and 18°C at site 1 for both January and August samples. The 
conductivity of the waters in the main part of the lagoon ranged from 14.07 to 17.95 
mS/cm whilst at site 1 it was recorded as 0.4 mS/cm. The chloride concentrations at 
sites 2 to 4 were between 13.3 0/00 and 31.8 0/00. Site 1 was completely fresh and had 
a chloride concentration of around 0.04 0100. The pH at sites 2 to 4 was around 7 while 
at site 1 it was 5.3. Phosphate levels were below detectable levels and ammonia 
(nitrogen) concentrations were ~2.3 mg/L at sites 2 to 4 and ~0.1 mg/l at site 1. Iron 
concentrations were highest at site 1 with values of around 0.12 mg/Land were around 
0.01 mg/L at sites 2 to 4. 
A moderately diverse assemblage of chironomid larvae was sampled at site 1 in 
Palestine Creek/5 Mile Creek. where 16 species were collected (Table I). Of the 
subfamily Chironominae, 6 species were of the tribe Chironomini and 5 species of 
Tanytarsini. Of the Subfamily Tanypodinae, 4 species were collected. The most 
abundant species were Tanytarsus fuscithorax, Stempellina johni, a Chironomus sp., and 
Paramerina sp. 2 (Table I). Only one specimen of Tanytarsus fuscithorax was sampled 
at the transect site 2 and no live Chironomidae larvae were sampled at sites 3 and 4 in 
the main part of Curalo Lagoon. Statistical analyses indicated that all chironomid 
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Table I. The subfamilies, tribes, and species of Chironomidae collected from fresh Palestine Creek, the brackish central mud 
basin of Curalo Lagoon in summer kick/sweep samples, and vibrocores from the central mud basin of Curalo Lagoon, New 
South Wales, Australia. The number of larvae or larval headcapsules are presented for each sample. 
Palestine Creek Curalo l.A~n. Core Core 
Summer Winter Summer Winter 2 3 
(fresh) (saline) 
Chironominae 
Chironomini 
Chironomus sp. Meigen 15 20 0 0 113 26 
Cladopelma sp. Kieffer 2 1 0 0 0 0 
Dicrotendipes conjunctus Walker 3 5 0 0 368 47 
Parachironomus sp. 'K2' Lenz 2 1 0 0 3 1 
Polypedilum sp. nr leei Kieffer 0 0 0 0 1 0 
Polypedilum sp. 'Sl' Kieffer 7 9 0 0 24 18 
Polypedilum vespertinum Skuse 1 0 0 0 1 0 
Tanytarsini 
Cladotanytarsus sp. 3 1 0 0 0 0 0 
Tanytarsus fuscithorax Skuse 77 44 1 0 140 26 
Tanytarsus sp. Wulp 2 8 0 0 0 0 
Tanytarsus sp. 'kink' 4 10 0 0 0 0 
Stempellina johni Glover 13 5 0 0 0 
Tanypodinae 
Ablabesmyia sp. Johannsen 0 0 0 0 1 0 
Fittkauimyia disparipes Kamnakaran 1 0 0 0 0 0 
Larsia sp. Fittkau • 0 0 0 0 0 Paramerina sp. 1 13 0 0 0 0 0 
Paramerina sp. 2 0 3 0 0 12 0 
Procladius sp. Skuse 3 1 0 0 13 20 
Pentaneurini 'STl ' 2 0 0 0 0 0 
Orthocladiinae 
Parakiejferiella sp. Thienemann 0 0 0 0 4 0 
Total number species 16 11 1 0 12 6 
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were correlated closely with the environmental 
degree of species co-occurrence. 
Sediment-core characteristics and associated subfossil chironomid fauna/ assemblages 
Vibrocore 2 was collected in the central mud of Curalo Lagoon and had a total 
length of 311 cm (Fig. 3a). The core composition from 250 to 311 cm was dark grey 
silty clay with abundant shells and shell fragments. From 111 to 249 cm grey black silty 
sand with medium-grained sandy mud was present and from 110 to 91 cm organic-rich 
mud predominated. From 90 to 0 cm sandy organic mud was present (Fig. 3a). The 
colour, sediment composition, grain size, mean phi and sort phi values for each of the 
sampling depths identified by the Coastal and Marine Geosciences survey are presented 
in Figure 3a. A significant correlation existed between core depth and sediment size 
( 68%) and a negative correlation ( 66%) with mean phi. Grain sizes were larger at the 
bottom of the core and less well sorted. 
Vibrocore 3 was collected in the central mud basin at a more southern site (Fig. 1). It 
had a total length of 270 cm and the core composition was fine mud from 270 to 250 
cm (Fig. 3a). From 249 to 75 cm fine mud and shell beds were present and from 74 to 
50 cm fine mud and shell beds predominated. From 49 to 0 cm fine mud, sand, and 
grey-yellow mud was present. The colour, sediment composition, grain size, mean phi 
and sort phi values for each of the sampling depths identified by the Coastal and Marine 
Geosciences survey are presented in Figure 3a. 
A total of 681 and 13 8 ch iron om id headcapsules distributed between 12 genera were 
extracted from the sediments of vibrocores 2 and 3, respectively (Table I). The relative 
distribution and abundances of species from core 3 were similar to core 2 although with 
fewer remains and thus the results from core 2 are presented in more detail (Fig. 6). 
Core 2 had 12 species of which a Dicrotendipes sp., Tanytarsus sp. and Chironomus sp. 
were most abundant. Species of intermediate abundance included Polypedilum sp.'S l ', 
Procladius sp., and Paramerina sp. nr Genus E. Less abundant species included an 
Orthoclad sp., Parachironomus sp., Stempellina johni, Polypedilum sp. 2, Polypedilum 
sp. nr leei, and Ablabesmyia sp. Core 3 had 6 species of which Dicrotendipes sp., 
Tanytarsus sp., Chironomus sp., Procladius sp., and Polypedilum sp. 'S l' were the most 
abundant. The most scarce species was Parachironomus sp. and this was represented by 
a single headcapsule. 
The number of subfossil headcapsules varied greatly with depth in both cores (Fig. 3a). 
In core 2, headcapsule numbers were more evenly distributed but numbers were 
concentrated between 50 and 71 cm, 110 and 141, 160 and 16lcm, and 180 and 21 lcm 
(Fig. 6). In core 3, there were very few headcapsules at the top of the core and numbers 
were greatest between 110 and 12lcm, 180 and 2llcm. No chironomid headcapsules 
were identified in the oxidised pre-Holocene sandy clays between 250 to 27lcm. 
The species richness of chironomid species assemblages at the locality of Curalo 
Lagoon was very similar down-core for vibrocore 2 and in comparison with randomised 
indices (Table Ila, Table Ilb, Table III). All of the estimations showed very similar 
trends and maximum species numbers ranged from between 11 to 19 species. The 
complementarity indices for the core depths and evenness showed that there was little 
distinction between samples. The was some variation between core depths and diversity 
indices, the alpha highest diversity was obtained at 280 and 300 cm. The species 
cumulative dominance curves and randomisations for core 2 showed that the cumulative 
frequency of 100% did not occur over a large part of the length and is therefore not 
dominated by only a few taxa (Fig. 4b ). Rarefaction showed essentially the same 
pattern (Fig. 4c ). The same was not true for the curves produced for Palestine Creek 
and Curalo Lagoon (Fig. 4a). 
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Table Ila. Diversity indices for Curalo core 2. Each value outside brackets represents unrandomised 
data and values inside ( ) represent means for 100 run and shuffle randomisations. 
Core Number Number Uniques ACE ICE Chaol Chao2 
depth of species ofindiv. 
(cm) 
10 3 5 2 (3) 4 (4) 4 (9) 4 (4) 4 (9) 
20 1 2 2 (2) 4 (6) 4 (8) 4 (5) 4 (5) 
30 2 4 3 (2) 7 (8) 7 (8) 7 (6) 7 (7) 
40 4 7 2 (2) 5 (8) 6 (8) 4 (7) 4 (7) 
50 5 26 2 (2) 5 (9) 6 (9) 5 (8) 5 (8) 
60 7 118 4 (2) 12 (9) 13 (9) 9 (8) 10 (8) 
70 3 13 4 (2) 12 (9) 12 (9) 9 (9) 11 (8) 
80 3 7 3 (2) 11 (9) 10 (9) 9 (9) 9 (8) 
90 3 7 3 (2) 11 (10) 11 (10) 9 (9) 9 (9) 
100 2 4 3 (2) 11 (10) 11 (10) 9 (10) 9 (10) 
110 6 46 4 (2) 16 (10) 14(11) 17(10) 12(10) 
120 4 35 4 (2) 17(10) 14(11) 17(10) 12(11) 
130 4 71 4 (2) 15 (11) 13(11) 17(11) 17(11) 
140 4 25 4 (2) 15 (11) 14(11) 17(11) 17(11) 
150 3 9 5 (2) 19 (12) 17(12) 22 (11) 22 (12) 
160 4 36 5 (2) 19 (12) 17 (12) 22 (12) 22 (12) 
170 3 11 6 (2) 24 (12) 23 (12) 29 (12) 29 (12) 
180 5 41 5 (2) 18 (13) 18 (12) 23 (12) 16 (12) 
190 6 82 5 (3) 19 (13) 18 (13) 23 (12) 23 (12) 
200 7 50 4 (3) 18 (14) 16 (13) 19 (12) 14 (12) 
210 4 25 4 (3) 18 (14) 15 (13) 19 (13) 14 (12) 
220 3 5 4 (3) 18 (15) 15 (14) 19 (13) 14 (12) 
230 4 12 4 (3) 18 (15) 16 (14) 19 (13) 14 (13) 
240 5 12 4 (3) 17 (15) 16 (14) 19 (13) 14 (13) 
250 1 1 4 (3) 17 (16) 16 (14) 19 (14) 14 (13) 
260 5 18 4 (3) 17 (16) 16 (15) 19 (14) 14 (14) 
270 1 1 4 (3) 17 (16) 16 (15) 19 (15) 14 (14) 
280 3 4 4 (3) 17(17) 16(16) 19(16) 14(15) 
290 0 0 4 (3) 17 (17) 16 (16) 19 (16) 14 (16) 
300 3 4 4 (3) 17 (17) 16 ( 16) 19 (17) 14 ( 17) 
310 0 0 4 (4) 17(17) 16(16) 19(19) 14(19) 
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Table Ilb. Diversity indices for Curalo core 2. Each value outside brackets represents unrandomised 
data and values inside ( ) represent means for 100 run and shuffle randomisations. 
Core Evenness Margalef Cole Jackknife Michaelis 
depth diversity cumul. l Menten 
(cm) mean 
10 0.8 1.2 3.5 2 (3) 0 (0) 
20 0 4.6 3 (5) 2 (6) 
30 0.8 0.7 5.3 5 (6) 3 (6) 
40 0.9 1.5 5.8 5 (7) 5 (7) 
50 0.8 1.2 6.3 6 (8) 6 (7) 
60 0.6 1.2 6.6 11 (8) 14 (7) 
70 0.7 0.7 6.9 11 (8) 17 (8) 
80 0.7 1.0 7.2 10 (9) 17 (8) 
90 0.7 1.0 7.5 10 (9) 17 (8) 
100 0.8 0.7 7.7 10 (9) 16 (8) 
110 0.6 1.3 7.9 12 ( 10) 16 (8) 
120 0.5 0.8 8.1 12 (10) 15 (8) 
130 0.5 0.7 8.3 12 (10) 15 (8) 
140 0.7 0.9 8.5 12 (10) 15 (8) 
150 0.6 0.9 8.7 14 (11) 15 (9) 
160 0.8 0.8 8.8 14 (11) 15 (9) 
170 0.6 0.8 9.0 16 (11) 15 (9) 
180 0.6 1.0 9.2 15 (11) 15 (9) 
190 0.6 1.1 9.3 15 (12) 15 (9) 
200 0.8 1.5 9.5 14 (12) 15 (9) 
210 0.7 0.9 9.6 14 (12) 15 (9) 
220 0.9 1.2 9.8 14 (12) 15 (9) 
230 0.9 1.2 9.9 14 (12) 15 (9) 
240 0.9 1.6 10.0 14 (13) 15 (10) 
250 10.2 14 (13) 15 (10) 
260 0.7 1.3 10.3 14 (13) 15 (10) 
270 10.4 14 (13) 15 (10) 
280 0.9 1.4 10.6 14 (14) 14 (10) 
290 10.7 14 (14) 14 (10) 
300 0.9 1.4 10.8 14 (14) 14 (10) 
310 10.9 14 (14) 14 ( 10) 
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Table III. Diversity and complementarity indices for Curalo core 2. Each value outside brackets 
represents unrandomised data and values inside ( ) represent mean values for 100 run and shuffle 
randomisations. 
Core depth (cm) 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
llO 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
Fisher's alpha 
Diversity 
3.1 (2.0) 
0.7 (1.8) 
1.5 (1.8) 
3.8 (1.8) 
1.8 (1.8) 
1.6 (1.9) 
1.2 (1.9) 
1.9 (1.9) 
1.9 (1.9) 
1.5 (1.9) 
1.8 (1.9) 
1.1 (1.9) 
0.9 (1.9) 
1.3 (1.9) 
1.5 (2.0) 
1.1 (2.0) 
1.3 (2.0) 
1.4 (2.0) 
1.4 (2.0) 
2.2 (2.0) 
1.3 (2.0) 
3.1 (2.0) 
2.1 (2.0) 
3.2 (2.0) 
0.0 (2.1) 
2.2 (2.1) 
0.0 (2.1) 
5.4 (2.1) 
0.0 (2.1) 
5.4 (2.2) 
0.0 (2.2) 
Shannon's 
Diversity 
0.9 (1.0) 
0.0 (1.1) 
0.5 (1.2) 
1.2 (1.2) 
1.3 ( 1.2) 
1.2 (1.2) 
0.7 (1.2) 
0.7 (1.2) 
0.7 (1.2) 
0.5 (1.3) 
1.1 (1.3) 
0.8 (1.3) 
0.7 (1.3) 
1.1 (1.3) 
0.6 (1.3) 
1.1 (1.3) 
0.7 (1.3) 
1.0 (1.3) 
1.2 (1.3) 
1.5 (1.3) 
1.0 (1.3) 
1.0 (1.3) 
1.3 (1.3) 
1.5 (1.3) 
0.0 (1.3) 
1.1 (1.3) 
0.0 (1.3) 
1.0 (1.3) 
0.0 (1.3) 
1.0 (1.3) 
0.0 (1.3) 
Simpson's 
Index 
7.0 (3.3) 
0.0 (3.0) 
5.0 (2.9) 
8.0 (2.9) 
7.0 (2.9) 
6.4 (2.9) 
5.0 (2.9) 
5.2 (2.9) 
5.2 (2.9) 
5.0 (2.9) 
5.4 (2.9) 
4.5 (2.9) 
4.5 (2.9) 
6.5 (2.9) 
4.1 (2.9) 
6.5 (2.9) 
4.1 (2.9) 
6.5 (2.9) 
4.7 (2.9) 
5.3 (2.9) 
6.3 (2.9) 
7.6 (2.9) 
6.1 (2.9) 
8.0 (2.9) 
7.8 (2.9) 
8.3 (2.9) 
o.o (2.9) 
6.1 (2.9) 
0.0 (2.9) 
8.3 (2.9) 
0.0 (2.9) 
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4a. Cumulative abundance curves for live larval chironomid species sampled from 
fresh Palestine Creek and saline Curalo Lagoon. Summer and winter assemblages 
are pooled due to their similar compositions, species richness, and relative 
abundance. 
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4b. Cumulative abundance curves for subfossil larval chironomid species sampled 
from Curalo lagoon sediments (vibrocore 2). 
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4c. Rarefaction chironomid live larval species sampling curve generated using pooled 
Curalo data and the program PAST. 
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Matching assemblage patterns with random, environmental, and biotic factors 
Curalo's species assemblages had very similar abundance 
between seasons between core compositions (Table For core 
samples, species richness was The model best the distribution data for 
the Curalo transect was the log normal, followed by poor fits with the geometric 
abundance Jog series models (Fig. Sa-Sc). The log normal model also provided a 
good fit for the Curlao core while the geometric abundance model and log series 
provided insignificant fits (Fig. Sd-Sf). 
None of the chironomid species were significantly correlated with sample size (weight 
in grams), sediment composition, grain size, mean phi, or sort phi. The assemblage 
composition did not change significantly with depth although changes in abundance 
were significant. Principal components analysis revealed that component 1 interpreted 
as core depth, representing the age of sediments and subfossils, explained 84% of the 
variation. Component 2 interpreted as sediment composition explained only 12 
percent of the variation (Fig. 7a). 
Hierarchical clustering using Bray-Curtis similarities with log x + 1 transformation for 
the vibrocore 2 Curalo Q-mode data revealed at least 3 groups, one group with sample 
depths at 270 and 300 cm, and second including 20, 2SO, 10, and 40 cm, and the third 
comprising the remaining samples at similarity levels of between 40-SO% (Fig. 7b, 7c ). 
Comparing these patterns with the same data analysed in R-mode revealed that 
Polypedilum nr leei, Polypedilum vespertinum, Parachironomus sp. K2, and 
Stempellina johni differed from the rest of the group (Fig. 7d, 7e). The correlation 
tests for species from core 2 revealed significant relations between Ablabesmyia sp. and 
Parakiefjeriella sp. (81%), Chironomus sp. (74%), Tanytarsus sp. (S9%), Dicrotendipes 
conjunctus (S7%). Stempellina was significantly correlated with Paramerina sp. 2 
(6S%). Parachironomus sp. was significantly correlated with Polypedilum sp. SI 
(63%). 
Discussion 
Diversity and fauna! correspondence with other Australian localities 
The Palestine Creek and Curalo Lagoon taxa had some species in common with the 
Clyde River and these included Polypedilum vespertinum, Stempellina johni, and 
Paramerina sp. 2. Paramerina sp. 2 is one of the few taxa occurring at Palestine Creek 
and Curalo Lagoon with a more specific autecology and is restricted to fresh water. At 
the Clyde River, Polypedilum vespertinum and Stempellina johni have moderate salinity 
tolerances and occur between riffles 1 to 4 (Chapter 2). Polypedilum vespertinum also 
occurs in the Shoalhaven River and some Fraser Island Lakes (Bugledich et al, 1999; 
Cranston, 1996). 
Some genera and species identified at Curalo Lagoon and Palestine Creek also occur in 
the warm, saline coastal water-bodies of southern Western Australia and these include 
Cladopelma, Dicrotendipes conjunctus, and Ablabesmyia (Edwards et al, 1994). 
Cladopelma tolerates the worst of aquatic conditions, while Ablabesmyia is a widely 
distributed genus. 
Larsia sp. has a widespread occurrence throughout the Australian continent and occurs in 
warm, acidic streams and rivers, especially where they have sandy substrates. Pentaneura 
'STl' is typical of polluted, eutrophic warm waters. Polypedilum sp. nr 'SI' is found in 
polluted fresh and saline lentic and Jotic environments like Lake Burley Griffen and the 
Shoalhaven River (Cranston, 1996). Polypedilum nr leei and Tanytarsus fuscithorax are 
both widespread, pollution tolerant taxa. 
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Geometric abundance model for the Curalo transect. K = 0.28, p = 2.36 
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Log normal abundance model for the Curalo transect. Mean= 0.49, Variance= 0.62, p = 
0.18. 
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Geometric abundance model for the Curalo core. K = 0.14, p = 0.97 
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Log normal abundance model for the Curalo core. Mean = 1.08, variance= 0.32, p = 
0.24. 
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Figure 7a.. Principal components analysis of Chironomidae species (Diptera) 
and physicochemical variables from vibrocore 2 from Curalo Lagoon, New 
South Wales, Australia. Component 1 explains 84% and is interpreted as core 
depth, component 2 explains 12% of the variance and reflects sediment 
composition. Standard deviation for component 1- 0.86, component 2 - 0.33. 
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Some taxa are even more widespread and pollution-tolerant such as Fittkauimyia 
disparipes, described from Singapore, is an Indo-Oriental acidophilic species that 
tolerates organic pollution (Bugledich et al, 1999). The lagoonal fauna therefore appears 
to be reasonably cosmopolitan and pollution-tolerant while the diversity of the fauna in 
the inflowing creeks is moderate. 
The composition of these assemblages suggests that increased salinity is tolerated by 
widespread generalist taxa that respond to such conditions as a type of natural pollution. 
Unfortunately, because these taxa respond in the same way to saline conditions and 
pollution due to degradation from factors such as eutrophication or insecticide 
application, it is not possible to separate such causal factors where they co-occur. 
In addition to the weakened indicator value of coastal salt-tolerant species at impacted 
sites, there are also problems associated with low assemblage diversity and a generally low 
correspondence of taxa with the Clyde River. Thus the response of the Clyde River taxa 
to salinity and developed transfer functions cannot be used as analogues to reconstruct 
conditions from the subfossil Chironomidae assemblages extracted from the Curalo 
Lagoon stratigraphic records. Instead, interpretation of the records is restricted to 
identifying assemblages associated with fresh and saline phases with for example, 
Paramerina sp. 2 and Procladius sp. indicating the presence of fresher conditions. 
Sampling issues related to the estuarine gradient and seasonal effects 
The physico-chemical conditions present in Lake Curalo correspond to features of a 
number of coastal dune lakes along the southeast coast with similar salinities and 
acidities, and pH readings were recorded as low as 5 (Timms, 1986). The chloride 
concentrations were also similar to some permanent south coastal Western Australian 
lakes, however their water temperatures were generally warmer (Edwards et al, 1994). 
Sampling effects were minimal partly because all species in the assemblage have little 
seasonal variation and this is attributed to a stable maritime climate and physico-
chemical environment that was very similar between winter and summer samples as well 
as on a few reconnaissance collection trips. Species relative abundance distributions had a 
consistent pattern and were similar to the Clyde River (Chapter 2, Fig. 4a-5f). 
There is little evidence of an estuarine gradient that gradually makes the transition from 
fresh, to brackish, and finally marine/saline environments each with a corresponding 
chironomid fauna. Rather, freshwater assemblages terminate abruptly where freshwaters 
mingle with the saline waters of the lagoon and only a few Tanytarsus species appear 
abundant in this short intermediate zone. This pattern is quite different from the Clyde 
River (Chapter 2) where chironomid assemblages extend for some distance down the 
fresh to saline gradient and gradually intergrade, although there is some similarity in 
species composition. This difference appears to be associated with the smaller catchment 
and surrounding steep topography of Curalo Lagoon that apparently leads to far more 
erratic freshwater flows. 
The chironomid larval fauna was not observed in surveys of the main part of the lagoon 
and the sediment records suggest that assemblages are mostly absent, although retreat of 
fauna to fresh upper reaches is perhaps more common during drier intervals or droughts 
when conditions in the lagoon are highly saline. Observations at Meroo, Werriga, and 
Termeil Lake indicate that chironomid populations tend to extend rapidly into the main 
part of coastal lagoons when lagoons are flooded with freshwater, especially following 
freshwater when flushing of the lagoon that occurs in association with breaching of the 
sand barrier (Fig. 3b, Chapter 4). This is most likely to occur in winter when there are 
more frequently recorded freshwater flood events (e.g. Kench, 1999). However, the large 
number of intact subfossil chironomid larvae recovered from the fine-muds of the central 
mud basin at Curalo Lagoon, indicate that fresh phases may be associated with anoxic 
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to periodic mass lagoon-dwelling benthic larvae. Marine or 
deposits can be sediments of Lagoon because 
deposition of is associated 
( 1) high freshwater flow with some deposition of larvae/remains 
from inflowing creeks, 
expansion of chironomid populations into the lagoon during fresh phases, 
(3) organic detritus and fine sediments. 
These results suggest a pattern of expansion and contraction from inflowing freshwater 
habitats. Thus taken together with the broad tolerances associated with the subfossil 
species observed in the lagoon sediments this pattern explains the almost identical 
relative abundance distribution and species richness of chironomid assemblages 
established before and after saline phases. Furthermore, the pattern of recolonisation and 
assemblage structure observed in benthic chironomid larvae at Curalo Lagoon is typical 
of other studies conducted elsewhere in the world where chironomid assemblages have 
essentially identical species compositions, relative abundances for each species and 
similar species diversity indices before and after saltwater phases (e.g. Clair & Paterson, 
1976). For example the abundance and generic composition of Curalo Lagoon is very 
similar to that identified at Neustadt Bay and other lakes close to the Baltic Sea (e.g. 
Hofmann & Winn, 2000). These Northern Hemisphere assemblages are also 
characterised by depauperate assemblages and more pollution tolerant species. 
The alternative explanation for this pattern of minimal change and high 
complementarity between subfossil assemblages is where assemblages derive entirely from 
extensive mixing and dilution with marine sands from wind-driven currents or marine 
influences disturbing stratigraphic records. However, this is unlikely to explain conditions 
at Curalo Lagoon where there was reasonable stratigraphic integrity. This is despite the 
fact that stratigraphic records were subject to some of these taphonomic effects and had 
limited resolution as a result of periodically shallow, exposed conditions and some 
bioturbation. Such effects resemble conditions identified in some shallow inland lakes and 
perched coastal lakes where there is lowered integrity of the subfossil chironomid 
stratigraphic record and yet the value of the record is not completely lost (Longmore & 
Heijnis, 1999; Paterson & Walker, 1974a, b). 
Reasons for the maintenance of some integrity are that taphonomic effects are typically 
patchy and more resolved sediment records exist in the central mud basin where the 
alternation between marine and fluvial, saline and fresh phases can be detected. In these 
areas, saline marine-dominated phases are associated with coarse quartz sand and shell 
deposits with few or no chironomid larval headcapsules, whereas fluvial fresh phases are 
associated with organic-rich mud, decomposing wood and chironomid remains. Live 
larvae therefore appear to be associated with organic-rich sediments that may be more 
abundant in the lagoon following flood events, when conditions are fresher and decaying 
vegetation and nutrients are more available in the basin. 
Assemblage patterns from stratigraphic records and their match with random, 
environmental, and biotic process of assembly. 
The stratigraphic records from Curalo Lagoon showed no evidence of tsunami imprints. 
No large disruptions to the record or deposition of large boulders or high-energy 
deposits that are typically associated with these phenomena exist. Radiocarbon dates 
from the lowermost sediments from the basin were consistent with gradual basin 
infilling with some faster rates of accumulation associated with flood events and marine 
wash-over (Coastal & Marine Geosciences, 1999). Few deposits contained a poorly 
sorted mixture of marine, fluvial, and terrestrial materials. Deposits lacking 
Chironomidae indicated either strong marine influence or an absence of aquatic habitats 
but not catastrophic events. 
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The frequency and intensity of fresh phases appears to have increased in recent times 
and this has increased the abundance of midge populations, but this has had little effect 
on assemblage species composition and relative abundance distributions (Fig. 6). 
Furthermore, by comparison with a number of similar lagoons along the Southeast Coast, 
Curalo Lagoon has a much higher abundance of Chironomidae in the sediment record 
than other less impacted lagoons (Chapter 4). Perhaps this is associated with higher 
nutrient levels and food resources such as algae (e.g. Fig. 2b). However, some 
environmental changes, especially nutrient concentrations, appear to be influenced by an 
imposed increase in the length of time that the lagoon remains saline and open to the 
sea. 
In the face of such changes, the chironomid assemblage composition has remained 
surprisingly stable. This is likely to be associated with the high proportion of pollution-
tolerant species including the tanypod Ablabesmyia sp. and the chironomini taxon 
Polypedilum nr leei. Such stable relative abundance distributions appear more closely 
related to strong environmental constraints and tolerance of environmental extremes 
than historic sequence effects, assembly rules, or internal dynamics (Chapter 1, 2). The 
presence of chironomids in the lagoon are apparently associated exclusively with fluvial 
phases and therefore the stratigraphic record of Curalo Lagoon can be interpreted as a 
biotic history of oscillating shifts in salinity and associated parameters like oxygen 
rather than as a gradual successional development of the fauna (Fig. 8). 
On a finer scale, facies sequence analysis reveals that there is considerable heterogeneity 
in different parts of the lagoon. Associated facies are subject to different processes of 
sediment accumulation and nutrient distribution, and have very different biotic 
assemblages most of which lack Chironomidae larvae. The environmental factors 
precisely responsible for the presence or absence of various species therefore require 
more detailed investigation. 
The highly disturbed hind-barrier area of the lagoon is prone to sediment redistribution 
and consequently, chironomids infrequently inhabit these zones. If chironomid larvae are 
present, distributions are patchy and usually associated with woody debris and algal mats 
during fresher phases (see Chapter 4). Dicrotendipes conjunctus is usually the most 
common in this region with numbers of around 20 larvae per m2. Most headcapsule 
remains from this zone appear to degrade rapidly or become redistributed because no 
subfossil remains were identified in vibrocore sediments from this zone. Cores from the 
hindbarrier area are made up almost entirely of quartzose sands that are highly sorted and 
contain little organic material. This composition reflects flushing and the movement of 
sands during breaches to the barrier island when substantial sediment mixing and removal 
may occur. By comparison, the central mud basin and areas adjacent to fresh water 
inflows appear to be the least energetic depositional environments. In the central basin, 
chironomid headcapsule deposits are more abundant but may be diluted and sporadically 
covered by a large volume of transported mud and debris. During these events, saline 
bottom waters will be trapped beneath a flood of freshwater and become deoxygenated 
leading to mass mortality of benthic organisms (rev. Roy, 2001). Thus layers of organic-
rich and less organic zones appear to gradually accumulate with little physical mixing, 
although at the same time, bioturbation is more common in these areas. It is evident that 
bioturbation seldom disrupts the complete integrity of the stratigraphic record because 
fine laminations are frequently maintained. 
Stratigraphic sections containing higher numbers of chironomid remains identified in 
core 2 and including 261-260 cm, 241-230 cm, 211-180 cm, 161-160 cm, 141-110 
cm, and 61-50 cm and in core 3 between 211-180 cm, and 121-110 cm are inferred to 
correspond to fresher phases or flood events. The frequency of these phases have 
increased perhaps as a result of more extreme climatic fluctuations between storms and 
droughts perhaps linked with El Nifio Southern Oscillation (ENSO) phenomena (e.g. 
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Nicholls, 199 ). ENSO phenomena began around 5 ka BP and the severity and 
of events has increased in the last 1 ka & Markgraf, 2000; Rollins et 
1986). 
Millennial-scale patterns in chironomid record at Curalo Lagoon supports a higher 
frequency of freshwater/storm phases but this could equally be associated 
covariable factors like increasing pollution and a higher frequency of phytoplankton 
blooms resulting from unnatural concentrations of nitrogen and phosphorus (e.g. 
Harris, 1999). Chironomidae benefit from these blooms because they represent an 
increased abundance of food resources. Thus more precise information about the 
dynamics of the lagoon would be useful, and might be provided by additional proxy 
evidence from diatoms, pollen, foraminifera, and molluscs (e.g. Cooper, 1999; Gibson 
& Najjar; 2000; Hofmann & Winn, 2000; Scott et al, 2001). Unfortunately, the Curalo 
record is only moderately resolved and thus the most useful information from the 
chironomid subfossil record is the reliable indication of alternation of fluvial and 
marine-derived sediments, especially when the delicate tests of foraminifera and 
diatoms degrade and dissolve (e.g. Gordillo & Aitken, 2000; Ruck et al, 1998; rev. Vos 
& De Wolf, 1993). 
Implications for chironomids as biological indicators of human impact in coastal 
lagoons 
Modern ecological patterns and processes are typically superimposed on late Quaternary 
dynamics (Chapter 1 ). As a consequence ecologists and resource managers increasingly 
recognise that environmental variability occurring at scales of 0.1 to 10 ka plays a major 
role in governing the spatial patterns and temporal dynamics of populations, 
assemblages, and ecosystems. At Curalo Lagoon, the imprint of the Quaternary is most 
obvious in the morphometry of the basin, the features of the barrier dune, and the 
accumulation of sediments, though not in the composition of chironomid species 
assemblages that show no evidence of succession. 
In contrast to historic succession patterns associated typically with long-lived, gradually 
developing, and maturing ecosystems present in some deep freshwater lakes (e.g. 
Cohen, 2000), the fauna of coastal lagoons is restarted anew following each disturbance 
and flushing event. Such disturbance events necessitate more frequent and extensive 
colonisation in a context where there is little competition from pre-established faunal 
elements, and, where recurrent assemblage patterns commonly occur in similar 
environmental conditions. Thus, historic sequence effects are unlikely to be important 
in coastal lagoons where the slate may be 'wiped clean' for recolonisation to begin 
anew. For example, a study on the effect of a salt water intrusion on a freshwater 
Chironomidae (Insecta: Diptera, non-biting midges) community using 
palaeolimnological techniques at Front Lake in Canada found that assemblages with 
essentially identical species compositions, relative abundances, and species diversity 
were re-established when normal fresh conditions returned (Clair & Paterson, 1976). 
Although Curalo Lagoon is clearly subject to anthropogenic impacts, mostly involving 
altered freshwater and nutrient inputs, their precise influence on the chironomid fauna 
is difficult to detect because of the background stress caused by the natural 
environmental perturbations typical of coastal lagoons. These natural stresses include 
disturbances such as erratic flooding with freshwater, flushing with marine waters during 
storms or artificial openings, deoxygenation of bottom waters, accumulation of toxic 
gases like hydrogen sulfide or ammonia at the sediment surface, and periodic mixing 
during windy conditions. Therefore, the chironomids that periodically inhabit the 
lagoon are tolerant generalists that recolonise following extinction events. These 
events are linked to fluctuations between stressful and more favourable environmental 
conditions with minor seasonal response due to the ameliorating effects of the sea on 
temperature. The chironomid fauna that occurs in the lagoon is therefore Jess sensitive 
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to small-scale and this makes it possible to large-scale impacts. 
An example of an event of sufficient magnitude may found at Chesapeake Bay, 
where a 2.5 ka record of anoxia and revealed that had 
dramatically increased in recent years and the 1970's the native biota was seriously 
affected (Cooper & 1993; Gutt et al, 2000). Similar broad-scale changes brought 
about by natural rather than imposed environmental extremes like the transitions 
between drought years and wet years are also likely to be more easily detected than 
finer-scale changes in these coastal records. 
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Appendix 1. Select larval chironomid taxa from Palestine Creek and Curalo Lagoon. 1. Chironomus 
sp., 2. Cladopelma sp., 3. Dicrotendipes conjunctus, 4. Parachironomus sp. 'K2', 5. Polypedilum 
sp. 'SI', 6. Polypedilum vespertinum, 1. Cladotanytarsus sp., 8. Tanytarsusfascithorax, 
9. Tanytarsus sp., 10. Tanytarsus sp. 'kink', 11. Stempellina johni, 12. Fittkauimyia disparipes, 
13. Larsia sp., 14. Paramerina sp. J, 15. Paramerina sp. 2, 16. Procladius sp. 
··Photographed by Sophia Dimitriadis. · 
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Appendix 1. Select larval chironomid tax.a from Palestine Creek and Curalo Lagoon. 1. Chironomus 
sp., 2. Cladopelma sp., 3. Dicrotendipes conjunctus, 4. Parachironomus sp. 'K2', 5. Polypedilum 
sp. 'S 1 ', 6. Polypedilum vespertinum, 7. Cladotanytarsus sp., 8. Tanytarsus fuscithorax, 
9. Tanytarsus sp., 10. Tanytarsus sp. 'kink', 11. Stempellina johni, 12. Fittkauimyia disparipes, 
13. Larsia sp., 14. Paramerina sp. 1, 15. Paramerina sp. 2, 16. Procladius sp. 
Photographed by Sophia Dimitriadis. 
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Life at the edge of the Australian continent: Holocene Chironomidae (lnsecta: 
Diptera) assemblages from pre-impacted southeastern Australian tidal 
wetlands. 
Abstract 
Neontological and palaeontological assemblages of Chironomidae (Insecta: Diptera: 
non-biting midges) from four pristine southeastern Australian coastal lakes were 
examined to identify assembly processes in relation to contemporary estuarine gradients 
as applied to the palaeoecological reconstruction of late Quaternary environments. A 
total of 27 and 5 chironomid species were recorded in the fresh upper reaches of 
Womboyne and Termeil estuaries, respectively; whereas a total of 0, 4, 7, and 2 
chironomid taxa were collected from the saline central lagoon basins of Womboyne, 
Termeil, Meroo, and Werriga Lakes. Salinities fluctuated between 3 to 20 0100 NaCl in 
most of the lagoons whereas Womboyne approached full-marine salinities that were 
maintained for long periods throughout the year. Subfossil chironomid larval 
headcapsules extracted from sediment vibrocores obtained from Lakes Womboyne and 
Termeil had similar relative abundance distributions and species compositions compared 
with contemporary faunas sampled from lagoonal and inflowing freshwaters despite low 
species counts and some taphonomic bias. Although stratigraphic records were subject to 
some disturbance, no evidence exists for the activity of contentious tsunami events 
during the Holocene. Any such event(s) would destroy the integrity of lagoonal records 
by incorporating lagoonal sediments with terrestrial and marine-derived material. 
Keywords: Pre-impacted coastal wetlands, southeastern Australia, Chironomidae, 
bioindicators, Holocene, salinity, assembly processes. 
Introduction 
Shallow coastal lagoons and estuaries of the southeastern Australian coast are under 
increasing pressure from accelerated sea level rise, climate change, and continued urban 
sprawl. Habitat modifications through dredging, land reclamation, and changing 
freshwater inputs have resulted in the degradation of many estuarine environments 
(Moverley & Hirst, 1999). Catchment clearing and dam construction have impaired the 
natural flushing rates resulting from flooding by altering flows or choking systems with 
accumulated sediment. As a result, some impacted systems have declining aquatic faunal 
biodiversity. Yet the natural assembly processes responsible for the relative abundance 
distributions and species compositions presently occurring in such coastal lagoons and 
estuaries observed at different spatiotemporal scales are elusive and require further 
study. 
Some estuarine species are likely to respond to several co-variable environmental 
factors occurring along salinity gradients where the spatial species replacement pattern 
may be comparable to temporal species replacement (Brown & Gibson, 1983; 
Middleton, 1973 ). Estuarine fauna! assemblages are thus characterised both by gradients 
positioned from inflowing freshwaters to lagoon margins and salinity oscillations 
occurring through time in lagoonal basins. 
Lagoon deposits are subject to strong effects from both spatial and temporal changes 
because they are intermediate between fresh and marine deposits and sediments can 
accumulate rapidly. A result is that accumulating lagoonal sediments that are partly 
derived from inflowing freshwaters and partly from marine sources are generally rich 
sources of subfossil material and "are generally rather good taphotopes for insects 
because they provide a low energy environment in close proximity to the land" 
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(Rasnitsyn & Quicke, 2002). The palaeoecology of coastal lagoons and estuaries 
therefore has the potential to provide considerable insight into the development and 
dynamics of coastal aquatic fauna including insects (rev. Orson, 1996). 
The relative abundance distributions and species composition of Chironomidae (Insecta: 
Diptera: non-biting midges) are of particular interest in these environments because the 
group is considered to be indicative of environmental change, particularly the climatic 
oscillations of the late Quaternary (rev. Chapter 1, 2). Thus although chironomid 
headcapsules have never been used to characterise estuarine dynamics in Australia, 
salinity tolerances can be inferred from taxa that co-occur along estuarine gradients 
within the region (e.g. Chapter 2). Further, these records are likely to be useful because 
they reveal important information on rates of biotic change and have been used 
successfully to reconstruct environmental oscillations between fresh and brackish 
habitats near the western Baltic Sea (Hofmann & Winn, 2000). In this study, the 
hypothesis that the chitinous larval headcapsules of Australian chironomids have the 
potential to be sufficiently well preserved and abundant in estuarine and coastal lagoon 
sediments to serve as useful proxies is tested. 
Long-term and short-term records of environmental change, salt-marsh development, 
and anthropogenic impacts can be reconstructed using associated subfossil biota and taxa 
like chironomids isolated from the stratigraphic records of wetlands with various 
salinities (Belperio et al, 1995; Dawson, 1994; Diaz & Markgraf, 2000; Dimitriadis & 
Cranston, 2001; Goff & Chague-Goff, 1999; Swetnam et al, 1999). Some estuarine 
stratigraphic records have even proven as informative as subfossil records obtained from 
deep freshwater lakes because certain partially closed and open-ended estuaries have 
stacked facies representative of several depositional sub-environments, some of which 
are relatively undisturbed (Goff & Chague-Goff, 1999; rev. Department Land & Water 
Conservation, 2000; Roy et al, 2001). 
Whilst under-researched in Australia, the environmental factors responsible for benthic 
estuarine insect relative abundance distributions and species assemblage compositions are 
likely to include disturbance regimes, salinity, climate, flooding, water chemistry, 
mixing intensity, and sediment stability (Chapter 2, 3; Connolly, 1997; Davis, 2000; 
Garcia et al, 2001; Gaughan & Potter, 1995; Griffiths, 2001; Hutchings, 1999; Kench, 
1999; Moverley & Hirst, 1999). Thus the processes of assembly operating in these 
environments may be more straightforward and physico-chemically influenced 
compared with stable freshwater habitats in which biotic interactions, and speciation 
processes can have a more prominent role (rev. Chapter 1; Cohen, 2000; Fox & Morin, 
2001; Woodward et al, 2002). One reason for the strongly influential effect of 
environmental factors on biotic assemblages in coastal lagoons and estuaries is their 
association with more extreme disturbance regimes. Effects from such disturbances can 
pre-date other assembly processes with long-lasting effects and even eclipse processes 
operating at smaller scales. 
Environmental disturbances operating at the largest spatiotemporal scales and having 
the potential to profoundly affect relative species abundance distribution patterns and 
species composition for several decades following events and may even be catastrophic, 
evidently are rare (Chapter 3). Catastrophic tsunami events have been inferred from the 
Holocene coastal record of Cullendulla Creek at the Clyde River estuary, and dated at 
3.2 ka BP (Bryant, 2001; Bryant et al, 1992; Young et al, 1993). Further evidence for 
other such events occurs at Jervis Bay and other locations along the Southeast Coast, 
with the suggestion that these events have an incidence of around 1.0 ka (Bryant, 
2001 ). 
Evidence for these tsunami events includes boulders and eroded rock surfaces at heights 
occurring up to 32 m above sea level, highly bimodal beach deposits, disturbed shell 
159 
Chapter 4. South-east Coast 
Sophia Dimitriadis 
middens, and estuarine run-up deposits. These deposits have been identified at Bellambi, 
Kioloa, Broulee, and Moruya along the Southeast Coast (Bryant, 2001). Nevertheless, 
no tsunami events have been recorded along the Southeast Coast in modern history and 
during three major storms in 1868, 1877, and 1960 sea levels, registered according to 
tidal gauges, increased only minimally by around 1 metre (Bureau of Meteorology, 
2002). 
More common pronounced but infrequent disturbances affecting coastal lagoons are 
associated with less catastrophic environmental changes resulting from the episodic 
effects of El Nino-Southern Oscillation (ENSO) events. In Australia, these tend to be of 
large magnitudes because the fluctuation from warm/dry phases (El Nifio) and cold/wet 
phases is associated with flooding (La Nifia) (Davis, 2000; Diaz & Markgraf, 2000). 
These phenomena can have major ramifications for stream flow patterns and the 
balance between fresh and saline phases with wide-reaching influences operating across 
the entire estuarine gradient. Southeastern Australia is affected particularly by ENSO 
phenomena and its impacts are well documented (Piechota et al, 1998; Powers et al, 
1999; Simpson et al, 1993). For example, some studies have shown that air 
temperature, ocean temperature, sea level, storm activity, rainfall, stream flow, and 
runoff in eastern Australia all register ENSO phenomena (rev. Chiew et al, 1998). 
Disturbances from anthropogenic influences may also affect estuarine ecosystems along 
the Southeast Coast of Australia. For example, artificial lagoon openings to the sea may 
be imposed to increase marine fish stocks and reduce the occurrence of natural fresh 
phases. Urban pollution can also directly impact diversity and the composition of 
benthic macroinvertebrates in coastal wetlands (Chapter 3). Some of these effects may 
be sporadic and patchily distributed or they may act cumulatively together with natural 
disturbances such as sediment redistribution resulting from wind-driven currents, 
bioturbation, and predation from fish and birds (e.g. Moverley & Hirst, 1999). 
This study surveys live Chironomidae larvae in summer and winter along transects 
running from fresh inflowing creeks to the seaward boundaries of four relatively pre-
impacted lagoons located in a geographical cluster at the Southeast Coast of Australia. 
Neontological survey data from these fresh to estuarine transitions include samples 
from freshwaters flowing into Lakes Womboyne and Termeil that are compared with 
subfossil chironomid larval headcapsule assemblages isolated from sediment vibrocores. 
The patterns of relative species abundance distributions and species compositions 
occurring along such estuarine gradients are then studied to: 
( 1) identify the frequency of saline and freshwater phases in the lagoons during the 
Holocene; 
(2) to evaluate the possibility of reconstructing chironomid species assemblage 
dynamics; and 
(3) to investigate the evidence for the millennial activity of tsunami events along 
the Southeast Coast purported to occur in the past 6,000 years. 
Methods and Materials 
Study sites 
The study area in coastal southeastern Australia includes four sampling localities 
comprising Womboyne River (37°17'S, 149°57'E), Termeil Lake (35°28'S, 150°23'E), 
Meroo Lake (35°29'S, 150°23'E), and Werriga Lake (35°30'S, 150°23'E) (Fig. la, lb, 
2a, 2b ). These relatively pre-impacted sites were identified recently in an audit of 
estuarine habitats as key sites of interest for conservation and monitoring (National 
Land and Water Resources, 2002). All of the study sites were once river channels that 
were flooded with marine waters at the last transgression during the last sea-level rise at 
the Pleistocene-Holocene boundary some 10 to 6 ka BP (Kench, 1999; Roy et al, 
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Figure la . Map ofMeroo Lake illustrating piston core, vibrocore, grab and 
kick/sweep sample collection sites. The position of weed beds, inflowing 
creeks, tidal delta, and central mud basin deposits are also illustrated. The 
star on the rocky shore represents the collection site of the marine 
chironomid Telmatogeton sp. from boulders (see Fig. 7f). 
Figure 1 b. Map of W omboyne Lake illustrating piston core, vibrocore, grab 
and kick/sweep sample collection sites. 
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Figure 2a. Map of Termeil Lake illustrating piston core, grab and kick/sweep 
sample collection sites. The position of weed beds, inflowing creeks, tidal 
delta, and central mud basin deposits are also illustrated (see Fig. 9a ). 
Figure 2b. Map of Werriga Lake illustrating piston core, grab and kick/sweep 
sample collection sites. The position of weed beds, inflowing creeks, tidal 
delta, and central mud basin deposits are also illustrated (See Fig. 7b ). 
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Womboyne Lake is located within Disaster Bay on the New South Wales coast close to 
the border with Victoria (Fig. 1 b.). The inflowing river is contained within an incised 
bedrock valley and enters the ocean at Baycliff, an isolated, thickly wooded rocky 
headland located midway along the Disaster Bay beach with a catchment area of around 
320 km2 (Roy et al, 2001). The local bedrock is of Ordovician-Devonian age and 
consists of slates, schists, quartzose elastics, greywacke, volcanics, and granite (Austin & 
Cocks, 1978; Brown, 1931 ). The surrounding old growth forests have been logged 
heavily but not immediately adjacent to the inflowing river or lake. 
A sand barrier fills much of the bedrock valley excavated by the Womboyne River 
during previous low sea level stands when the palaeoestuary covered an area of around 
4.38 km2; that exists now as a 2 km-wide by 2 m-high stretch of sand-dunes (Roy et al, 
200 I). These presently impound part of the river producing a basin that covers 3 .61 
km 2 with 17% sediment infilling (Roy et al, 2001; West et al, 1985). Water depths in 
the main channel vary from a maximum of between 6.5-7 m in the main part of the 
basin to a minimum of around 2.5 m at the upstream limit of the survey area (Fig. 1 b ). 
Thus the estuary can be divided into three water-depth related regions: (1) a zone of 
reed-swamp encroachment immediately adjacent to the river, (2) a zone of spit growth 
and segmentation in the main part of the lake, and (3) a tidal zone with salt marsh 
located close to the entrance to the sea covering an area of 0.48 km2 (Coastal & 
Marine Geosciences, 1999; Roy et 2001; West et al, 1985). Reed beds of Zosteraceae 
and Halophila species cover an area around 0.23 km2 while salt marsh covers about 
0.48 km2 (West et al, 1985). 
Moderately sorted muddy sands and sandy mud of fluvial origin occur within the incised 
bedrock valley in the upper reaches of Womboyne River (Coastal & Marine 
Geosciences, 1999). The lower reaches contain an extensive flood tide delta with sand 
shoals in the tidal channels. In the intermediate zone, fluvial sediments merge with the 
marine sands of the tidal delta located near the north of the lake basin (Fig. 1 b; Coastal 
& Marine Geosciences, 1999). Poorly-sorted, lithic-rich, gravels and angular sands 
characterise the fluvial delta deposits but most sediments are clean, moderately to well-
sorted, medium-grained, rounded, and with some shelly quartz-sands of marine origin 
(Coastal & Marine Geosciences, 1999). Radiocarbon dating of shell material contained 
within the barrier system indicates that its formation post-dates the sea level still-stand 
with barrier growth accelerating since 4.0 ka BP up to the present day (Coastal & 
Marine Geosciences, 1999). 
Lakes Termeil, Meroo, and Werriga are all located near the township of Termeil in 
heavily wooded lowlands with Casuarina, Corymbia!Eucalypt, Banksia, and Melaleuca 
forest fringing lagoon shores (Fig. 2a, la, 2b; 7a, 7b, 9a). Catchment areas cover 15, 21, 
and 4 km2, respectively with some farming activity occurring in the more openly 
wooded regions surrounding the fresh upper reaches of the inflowing waters (Roy et al, 
2001 ). The inflowing creek courses are generally divided into two or more arms and the 
water body areas of Termeil, Meroo, and Werriga are 0.44, 0.63, 0.28 km2, respectively 
(West et al, 1985). Ruppia species grow across areas of 0.07, 0.11, 0.004 km2, 
respectively with no development of saltmarsh (West et al, 1985). The palaeoestuary 
areas are estimated to have once covered 1.61, 2.17, and 2.23 km2, respectively; and 
percent infilling with mostly moderately-sorted coarse muddy sands has reached around 
72%, 71 %, and 87% in each of the lakes, respectively (Roy et al, 2001 ). 
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PLEISTOCENE BASEMENT 
Figure 3a. Lithologic logs of measured vibrocore sections at Lake Womboyne. Most sections 
consisted of black, organic-rich sandy muds with shell gravel and plant fragments typical of the 
estuarine mud basin. Vibrocore 4 also had some moderately-sorted, muddy lithic sands and 
gravel with a small amount of shell fragments in the top sections. These were typical of the 
fluvial delta/channel sediments. (w\\h "'\.c.Mb-, \C\'¥\). 
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,, 
Figure 3b. Womboyne vibrocore 3 material with molluscs preserved in life position. 
Photographed by Sophia Dimitriadis. 
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Presently, thick humus patchily covers the floor of catchments in the more heavily 
wooded areas adjacent to the coast and a large amount of submerged woody debris and 
leaves in the lagoonal basins appears to be responsible for the humic-discolouration of 
waters occurring during fresher phases (Fig. 7b). Under more saline conditions when the 
lagoons are open to the sea, organic material is flushed out and the waters clear. 
Similarly, when the local council opens lakes by digging channels to the sea with 
tractors at the request of residents and recreational anglers complaining about increasing 
algal growth and the decomposition of organic detritus with associated putrid conditions, 
flushing with seawater and clearing of the waters occurs. 
The water depth of these lakes is variable but usually shallow with an average depth of 
around 1.5 to 2 m (Fig. 7c, 7d). High rainfall quickly floods the area and any 
accumulated sediment in the fresh upper reaches or brackish intermediate zone, is often 
scoured rapidly back to a bedrock of Permocarboniferous sandstones. Werriga Lake is 
the most exposed and open to the sea whereas Lakes Termeil and Meroo are sheltered 
behind quartzose barrier sand dunes. 
Samples and analyses 
Kick-sweep netting using a 500 µm mesh net for 5 minutes was used to obtain summer 
and winter samples from four sites along estuarine transects from the fresh upper 
reaches through to the brackish hind-barrier areas of lagoons (Frost et al, 1971). 
Samples were placed in plastic containers or clip-lock bags and transported live to the 
laboratory where they were refrigerated overnight before processing. Chironomid 
larvae, pupae, and exuviae were sorted and picked using #4 forceps, grid-marked Petrie-
dishes or Bogorov sorting trays under a stereomicroscope. Larvae were mounted in 
Hoyer's on glass slides and identified using a compound microscope. Identifications were 
made in reference to a collection (verified by Prof. Peter Cranston) and taxonomic 
keys to the Australian fauna (Cranston, 1996; Cranston, 2000). Water samples were 
collected in polyethylene Nalgene® bottles before sampling larvae and physico-
chemical parameters recorded concurrently (e.g. Apte et al, 1998). Conductivity 
readings were taken using an ACTIVON® pocket conductivity meter with a carbon-
plate dip probe. Temperatures were measured using a max/min thermometer and 
standard thermometer while pH paper was used to measure the alkalinity of the water. 
In the laboratory, an Orbeco-Hellige® water analysis system Model 975-MP was used to 
determine ammonia (nitrogen), chloride, iron, and phosphate concentrations (Orbeco-
Hellige, 2000). Surface sediments were also collected in grab samples from each station 
along transects and processed using the techniques employed for sediment cores. 
A single piston core was obtained from the northwestern perimeter of the central mud 
basin of Lake Termeil and placed in plastic film-lined PVC split tubes with preliminary 
stratigraphic logging carried out in the field (Fig. 1 Oa, 1 Ob). The core was kept cool and 
transported to the laboratory where it was stored at 4 °C. The cores from Womboyne 
Lake were all obtained from a Department of Land and Water Resources vibrocore 
drilling program designed to examine the major depositional environments within 
Womboyne Lake including the tidal delta, central mud basin and fluvial delta (Coastal & 
Marine Geosciences, 1999). A total of six vibrocores (VCl, VC2, VC3, VC4, VC5, and 
VC6) were collected in early April 1997, sliced down their lengths, wrapped in plastic 
and stored in a core library at the Sydney Laboratory. Cores VCl and VC2 were located 
on the flood tide delta while core VC3 was collected within the central basin of 
Womboyne Lake. Cores VC4, VC5, and VC6 were located in the fluvial delta deposits 
located upstream of Womboyne Lake (Fig. lb; Coastal & Marine Geosciences, 1999). 
Analysis of the fresh core sediments showed minimal disturbance and good preservation 
of sedimentary structures with shell layers, intact bedding structures, lamination of 
organic material, and trace fossils (Coastal & Marine Geosciences, 1999; see Fig. 3b ). 
Similar conditions were observed when cores were re-examined and sub-sampled in 
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crystallisation of salts and occurred (Fig. 4a, 4b ). 
sampling subfossils was used to evaluate the extent time-averaging 
or taphonomic influence fossiliferous so appropriate "'""'-'""·'"" 
intervals could be chosen (e.g. Flessa, 1993). The final sampling regime occurred at 10 
cm core depth intervals because bioturbation in most eastern Australian estuaries occurs 
to a depth of up to 15 to 20 cm; and thus intervals of around 10 cm help avoid possible 
contamination from other stratigraphic zones without significantly compromising the 
resolution of sediment records (Roy et al, 2001). No further sediment cores were 
collected from lagoons due to the unresolved nature of the examined records and low 
numbers of chironomid headcapsules recovered from Lakes Termeil and Womboyne 
(Fig. 3a). Furthermore specialised vibrocoring equipment would be required to extract 
the compacted and shell-rich Holocene-Pleistocene sediments from lagoon basins, since 
difficulties were encountered using standard piston-coring equipment. 
All cores from Womboyne Lake were examined for chironomid subfossils but only 
results from cores VC3 and VC4 from the central mud basin are presented since the 
other cores contained very little organic material and few to no chironomid head 
capsules (Fig. 3a). These vibrocores had lengths of 187 and 190 cm for VC3 and VC4, 
respectively and were sampled every 10 cm by removing I cm by 2 cm blocks of 
sediment. Sediment blocks were gently washed through a 60 µm sieve and the material 
trapped in the sieve backwashed into a Bogorov sorter or grid-marked Petrie-dish in 
preparation for examination under a stereomicroscope. Larval chironomid head capsule 
remains were removed, dehydrated, and mounted on microscope slides in Euparal for 
identification. 
Statistical analyses were used to establish relationships between chironomid larval 
assemblages and environmental or sediment attributes. A primary objective was to 
establish the relationship between larval assemblages and environmental attributes at 
habitats ranging from inflowing freshwaters to more saline waters adjacent to sand dune 
barriers. This was addressed by assessing the assemblage composition of all chironomid 
larval assemblages at each of the sites using Estimates ver. 5 .0 and Primer ver. 5 to 
compute species accumulation curves and randomised curves for comparison (e.g. 
Chapter 2). Statistical estimators of species richness based on species-by-station 
incidence or abundance matrices were also generated (rev. Colwell, 1997; Clarke & 
Gorley, 2001). Fisher's alpha, Shannon and Simpson diversity indices were calculated 
and compared with other biotic similarity indices. Finally, canonical correspondence 
analyses using both environmental and species data were conducted using the RDACCA 
program (Legendre, 1998). Statistical analyses were repeated for chironomid subfossil 
assemblages and assemblages examined for changes in species composition and 
preservation through time. Graphical plots of the relative abundance of subfossil 
chironomids and sediment core characteristics were then generated (Panplot, 2002). 
Results 
Contemporary survey - physico-chemistry, chironomid autecology, diversity 
Summer and winter air temperatures at all stations along the estuarine transect at 
Womboyne were between 23 and 27°C and water temperatures were 21°C at site 3 and 
23°C at sites l and 2. Conductivity in the main part of Womboyne Lake ranged from 
14.00 to 14.45 mS/cm, while at site 1 it was 0.22 mS/cm. Similarly, chloride 
concentrations at sites 1 and 2 were between 13 .4 0100 and 22. 9 0100 and a chloride 
concentration of around 0.06 0/00 at site 1 indicated that the upper reaches of the river 
were completely fresh. The pH at sites 1 and 2 was neutral at around 7 .1, while at site 3 
it was more acidic with a pH of 5 .3. Levels of phosphate were below detectable levels in 
the water samples at site 1 and 2 although concentrations were around 0.08 mg/L at site 
3. Ammonia/nitrogen concentrations were also elevated with 2.3 mg/L in water samples 
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Figure 4a. Womboyne vibrocore 4 showing fine organic rich muds at around 100 
cm depth. Sediments are moderately sorted and some crystallisation of salts is 
visible. Photographed by Sophia Dimitriadis. 
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Figure 4b. Womboyne vibrocore 4 showing broken shelly material in a silty 
clay mud matrix at a depth of around 170 cm. 
Photographed by Sophia Dimitriadis. 
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at sites 1 and 2 and 0.21 mg/1 at site 3. The iron concentration in water samples was 
highest at site 3 with a value of around 0.29 mg/Land at sites 1 and 2 with values of 
around 0.01 mg/L. 
A moderately diverse assemblage of chironomid larvae was sampled in the fresh upper 
reaches of station 3 along the Womboyne River (Table I & II). A total of 27 species 
were collected in summer. Notable taxa included Polypedilum nr leei, Polypedilum 
vespertinum, Polypedilum nr Sl, Kiefferulus sp. 'tinctus', Tanytarsus spp., Riethia sp., 
Parakiefferiella variegatus, Paracladopelma nr Ml, and a species of Procladius 
(Appendix 2). The most abundant species was the tanypod Paramerina sp. 2 (Table 2). 
No live Chironomidae larvae were sampled at stations 1 and 2 in the main part of 
Womboyne basin, but the seahorse Stigmatopora argus was common in kick-sweep 
samples amongst the sea-grass meadows. All chironomid species therefore were closely 
correlated with site position since there was no gradual transition along the estuarine 
gradient or chironomids living in Womboyne Lake at the time of sampling. 
The air temperature at all stations occurring along the estuarine transect at Werriga, 
Meroo, and Termeil on the l 71h to 18th August 2002 lay between 20 and 23°C with 
water temperatures between 18 to 19°C. Compared with the survey conducted under 
warm/dry conditions, the results under cold/wet conditions were far less variable; with 
little difference between upper and lower reaches. The conductivity of the waters at 
Lakes Werriga, Meroo, and Termeil were 9.20, 2.80, and 2.90 mS/cm, respectively. 
Similarly, the chloride concentrations were 14.2, 13.8, and 14.2 0/00 NaCl, 
respectively. The pH was neutral at all sites. Phosphate levels were below detectable 
levels in water samples. Ammonia (nitrogen) concentrations were 0.32, 0, and 0.22 
mg/L, respectively. Iron concentrations in water samples were 0.08, 0.02, and 0.05 
mg/L, respectively. 
At Werriga Lake, there was a large amount of submerged wood, mostly Casuarina, and 
some decaying filamentous algae (Fig. 7b; Appendix la). Chironomid larvae were 
grazing on these surfaces in tubes built from sand grains. At Meroo Lake, large numbers 
of Chironomus sp., Dicrotendipes conjunctus and several species of Tanytarsus sp. 
larvae were found under the bark of submerged Banksia logs, some in tubes of sand 
grains and silk but many in furrows in the wood Fig. 7e). Tanytarsus manleyensis larvae 
were present together with numerous Sphaeroma quoyana (isopods) and fish larvae. 
Meroo Lake had a diverse submerged macrophyte flora with Cladophora, Posidonia, 
and Heterozostera species. There were also large beds of Chaetomorpha billardieri, 
Ruppia megacarpa and Heterozostera tasmanica seagrass beds around some banks. 
The sandy channel of Meroo Lake that occasionally connects it with the sea, is located 
on the southern side of the beach where a number of large boulders covered in at least 
two types of filamentous algae occur. These bright lime-green boulders had abundant 
larval populations of Telmatogeton sp., a marine chironomid (Fig. 7f). At low tide, 
these rocks were pounded by white foamy surf and the habitat appeared to be 
characterised by highly oxygenated waters. This species was not identified in any habitat 
within Meroo Lake or any other neighbouring lake or rockpool. 
Different types of chironomids were also abundant in other aquatic habitats immediately 
adjacent to the sea. Some chironomids were found inhabiting small sandstone rock pools 
in the spray zone at Werriga Point under shaded rocky outcrops. These rock pools had 
a water temperature of around l 8°C, conductivity of 5 .52 mS/cm, and pH of between 
6.5-7.0. The bottom of the pools typically had a breadth and width of 50 cm by 30 cm, 
and a covering of coarse quartz sand, decaying Eucalyptus leaves, and fine algal 
filaments. Most of the species identified in the rock-pools were identified also from 
neighbouring coastal lagoons. 
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Table I. Summary of Southeast Coast fresh inflowing river and brackish lagoonal fauna! 
compos1t1on an d b d fCh' 'd 1 a un ance o 1ronom1 ae arvae. 
Lakes Womboyne Werriga Meroo Termeil 
(fresh) (brackish) (brackish) (brackish) 
# larvae summer N-279 Preliminary only• Preliminary only* N-33 
Date: 12. 01. 2002 Date: 27.10.02 Date: 27.10.02 Date: 30.04.2001 
# larvae winter Preliminary only* N=31 N=31 N=37 
Date: 17.08.2002 Date: 18.08.2002 Date: 18.08.2002 Date: 18.08.2002 
#taxa not shared N=25 unsampled unsampled N=3 
with subfossils 
# of taxa shared N=6 N=2 N=5 N=6 
with other sites 
Total no. species N=29 N=2 N=7 N=7 
*Prehmmary samples not quantified. 
Table IL Chironomid species and larval abundance for contemporary transects of live larvae and 
se d' 1 f bfi '1 h d 1 1ment core samp es o SU OSSl ea capsu es. 
Trophic Womb. Womb Womb Werr Meroo Ter Ter Ter 
Group vc 3 VC4 Trans Trans Trans Piston Trans Trans 
swmner Winter Winter Core Sunmer Winter 
FRESH SALINE SALINE SALINE SALINE 
Tanypodinae 
Ablabesln.Yia notabilis Skuse c 0 0 34 0 0 0 0 0 
' Abiabesmyia hilli Fieeman c 0 0 5 0 0 0 0 0 
Djamabatista sP. Fittkau c 0 0 1 0 0 0 0 0 
Larsia sp. Fittkau c 0 0 1 0 0 0 0 0 
Para.merina sp. 2 c 0 3 85 0 0 0 0 0 
Paramerina sp. Fittkau c 0 0 0 0 3 0 0 0 
PrOcladius Sp. Skuse c 0 0 9 0 2 11 1 0 
Orthocladiinae 
Geri.us S03 H 0 0 1 0 0 0 0 0 
Nanocladius sp. Kief fer H 0 0 1 0 0 0 0 .o 
Parakie£teriella variegatus Bergstrom 0 0 0 5 0 0 0 0 0 
Parakie.fferiella sp. 2 H 0 0 3 0 0 0 0 0 
Chircm:>minae 
Chironomus sp. Meigen 0 1 3 0 0 0 11 0 9 
Conochironomus sp. Freeman 0 0 0 1 0 0 0 0 0 
Dici"otendipes conjunctus Walker 0 1 11 0 15 0 136 20 3 
Kief£erulus 'tinctus • Goetghebuer 0 0 0 4 0 15 0 0 0 
Microtendipes sp. Kief fer 0 0 0 0 0 0 0 0 9 
ParaChironomus sp. indet.* D 0 0 0 0 1 0 1 12 
Paracladopelma nr 'Ml' Harnisch 0 0 0 1 0 0 0 0 0 
Polypedilum nr leei Freeman 0 0 0 4 0 0 0 0 0 
Polypedilum nr 'Sl' Kief fer 0 2 1 14 0 0 0 0 0 
Polypedilum oresitrophum Skuse 0 0 1 28 0 0 0 0 4 
Stictochironomus sp. Kieffer 0 0 2 0 0 0 0 0 0 
Zavreliella 'Sl' Kief fer 0 0 0 11 0 0 0 0 0 
Cladotanytarsus sp. Kieffer 0 0 0 0 0 4 0 0 0 
Paratanyarsus sp. Thienemann & Bause H 0 0 0 16 1 0 0 0 
Rheotanytarsus juliae Glover 0 0 0 32 0 0 0 0 0 
Rheotanytarsus sp. Thienemann & Bause 0 0 0 1 0 0 0 0 0 
Stempellina johni Glover 0 0 0 8 0 0 0 0 0 
Tanytarsus fusci thorax Skuse 0 5 17 9 0 0 98 11 0 
Tanytarsus sp. nr manleyensis Glover 0 0 0 9 0 5 0 0 0 
Tanytarsus sp. 2 o·.: :'''''·· 0 0 4 0 0 0 0 0 
Tanytarsus sp. 4 0 .• ,,, 0 0 2 0 0 0 0 0 
TanYtarsus sp. 5 0 0 0 1 0 0 0 0 0 
Riethia sp. indet. * 0 0 0 1 0 0 0 0 0 
Riethia stictoptera Kieffer 0 0 0 4 0 0 0 0 0 
NI'\ ............. ; .. s. ~ A- .,.. o.i.;-,. w. -r 
-
.... ll'r 
TOTAL larvae/headcapsules 9 38 279 31 31 256 33 37 
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Table III. Diversity indices for the Southeast coastal lakes and rivers. S = species richness, N = number 
of individuals, d = Margalef's diversity, J' =evenness, Fisher= Fisher's alpha, Simpson= Simpson's 
dominance "' ~s"'°"'" 0 " • J 
s N d J' Fisher H' Simpson 
Womboyne 27 279 4.6 0.74 7.3 2.4 0.8 
River (fresh) 
Womboyne 7 47 1.5 0.76 2.2 1.4 0.7 
Core 
Werriga 2 31 0.2 0.99 0.4 0.6 0.5 
(saline) 
Termeil 6 66 1.1 0.88 1.6 1.5 0.7 
(saline) 
Termeil 5 260 0.7 0.64 0.8 1.0 0.7 
Core 
Meroo 7 31 1.7 0.78 2.8 1.5 0.5 
(saline) 
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Geometric abundance model for Womboyne River transect. K = 0.14, p = 0.39. 
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Log normal abundance model for Womboyne River transect. Mean= 0.43, Variance= 
0.39, p = 0.10. 
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Geometric abundance model for Termeil core 2. K = 0.26, p = 0.99 
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A assemblage of 33 chironomid larvae was 
Lake (Table A total of 4 species were and of the 
2 species of the 
were Of the tribe were 
sampled. In the subfamily Tanypodinae, 1 individual of sp. was collected. No 
live chironomidae larvae were sampled at stations l and 2 in the upper reaches of the 
Termeil estuary in summer but in winter an assemblage similar to the one present in the 
lagoon was present in the fresher upper reaches. 
Canonical correspondence analysis (not shown) was used to determine species-
environment relationships. Salinity/conductivity explained 48% of the faunal 
distribution on the first axis, while iron concentrations explained 34% of the total 
variance on the second axis. The canonical eigenvalues were 0.88 and 0.64 for the first 
and second axes, respectively. The environmental variables explained 1.83 of the total 
inertia within the fauna! data set. 
Sediment-core characteristics and taphonomv 
Core VC 1, collected close to the entrance to the sea at the margin of the mud-basin of 
Womboyne Lake, had a length of 195 cm and consisted mostly of moderately sorted 
and rounded quartz sands (Fig. lb; 3a; Coastal & Marine Geosciences, 1999). From 70 
cm to the top of the core, sediments were graded but contained lenses of fine mud and 
organic material. The lower sections of the core were made up of shell beds, mud and 
grey mud-rich sands and clean quartz sands with some heavy minerals and no 
chironomid headcapsules were identified from this core. Core VC2 was collected from 
the central basin of Womboyne Lake, had a length of 23 8 cm, and consisted mostly of 
coarse, well-sorted sands (Fig. 1 b; 3a; Coastal & Marine Geosciences, 1999). There were 
few organic layers present and no chironomid headcapsules were isolated from this core 
either. 
Core VC3 from the central basin had a total length of 187 cm and consisted mostly of 
fine organic-mud and shell fragments (Fig. 1 b, 3a; Coastal & Marine Geosciences, 
1999). The weight of the sediment samples from this core ranged from 40 to 59 g and 
sediments comprised of poorly sorted estuarine mud. This had a composition of around 
86 % mud and 14 % sand with occasional shell fragments that were abundantly present 
between 101-187 cm (Coastal & Marine Geosciences, 1999). From 160-180 cm some 
individuals of the intertidal and infauna] Tellina (Eurytellina) deltoidalis were present 
that were articulated and in life position (Fig. 3b ). These were interpreted as evidence 
supporting in situ preservation, minimal sediment disturbance and good correlation 
between former palaeoenvironments and stratigraphic levels. From 77-100 cm estuarine 
mud with no shell fragments was observed and from 0-76 cm shell fragments occurred in 
poorly sorted estuarine mud (e.g. Coastal & Marine Geosciences, 1999). 
Core VC4 from the central basin of Womboyne Lake had a total length of 192 cm and 
was sampled every 10 cm with sediment weights generally ranging from 40 to 55 grams 
(Fig 3a; Coastal & Marine Geosciences, 1999). From 176-192 cm moderately sorted 
white sands grading to grey sandy mud with about 64 % mud and 36% sand occurred 
(Coastal & Marine Geosciences, 1999; Fig. 4b ). From 156-175 cm coarse shell beds and 
mud were observed with a composition of about 39% mud and 61 % sand (Coastal & 
Marine Geosciences, 1999). From 136-155 cm medium shell beds and fine mud 
occurred. From 106-135 cm fine shell beds with fine mud were observed. From 69-105 
cm fine mud occurred with a composition of 12.5 % mud and 87.5 % sand (Coastal & 
Marine Geosciences, 1999; Fig. 4a). From 66-68 cm a fine shell bed enclosed in 
moderately sorted fine mud was observed. From 41-65 cm fine mud occurred. From 11-
40 cm organic rich mud with numerous shell fragments occurred. From 0-10 cm black 
mud and sand grading to organic rich mud with a few shell fragments was observed. 
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Figure 7a. Meroo Lake in winter at the Southeast Coast of Australia 
surrounded by Casuarina, sedges, and dry sclerophyll forest. 
Photographed by Sophia Dimitriadis. 
Figure 7b. W erriga Lake in winter at the Southeast Coast of Australia 
surrounded by dry sclerophy 11 forest and with patchy distributions of leaves, 
woody debris, and algae in which Dicrotendipes conjunctus was found grazing 
surfaces in silken tubes of sand grains. Photographed by Sophia Dimitriadis. 
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Figure 7c. Lake Meroo at the Southeast Coast of Australia in winter when 
water levels were high and reached the lower margin of the sand dune 
barrier. Photographed by Sophia Dimitriadis. 
Figure 7d. Lake Meroo at the Southeast Coast of Australia in summer under 
drought conditions when water levels were low and retreated away from the 
sand dune barrier. The brown patches of sand indicate where the lake waters 
once extended where Chironomidae were found grazing algal and woody 
surfaces in winter. Photographed by Sophia Dimitriadis. 
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Figure 7e. The surface ofMeroo Lake during drought when algal and woody 
material (Banskia wood pictured here) once grazed by Dicrotendipes conjunctus 
and other Chironomidae dried up and some material including chironomid 
headcapsules began to deflate. Photographed by Sophia Dimitriadis. 
Figure 7f. Bright green algal covered boulders exposed at low tide and located 
near the outflow of Meroo Lake at the Southeast Coast of Australia in summer. 
This was the habitat of a fully marine chironomid, Telmatogeton sp., that was not 
found inhabiting neighboring coastal lakes. Photographed by Sophia Dimitriadis. 
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Figure 9a. Lake Termeil viewed facing the northwestern shore. 
Photographed by Sophia Dimitriadis. 
l .... ' 
Figure 9b. Lake Werriga benthic organic material and algae on a sand substrate 
that formed the habitat for larval Dicrotendipes conjunctus. 
Photographed by Sophia Dimitriadis. 
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Figure 1 Oa. Lake Termeil coring position. 
Photographed by Sophia Dimitriadis. 
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Figure lOb. Lake Termeil short piston core. 
Photographed by Sophia Dimitriadis. 
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Core VC5 was the supra flat and a total of 253 cm (Fig. 
1 b ). It contained a mixture of fine moderately sorted sands and shell lag. The core 
to headcapsules. Core VC6 was collected in the 
towards the fresher reaches inflowing The core consisted 
mostly of coarse gravels that were unsuitable preservation of 
headcapsules. 
The short piston core from Termeil Lake had a total length of 42 cm due to the clay-
rich and compacted nature of the sediments. It consisted of clay-rich grey muddy sand 
with rootlets and algal filaments (Fig. 1 Oa; 1 Ob). Some fine shell fragments were present 
and the sediments were composed of about 40% clay, I 0% mud, and SO% quartz sand. 
Subfossil chironomid fauna! composition and relative abundance as compared with 
living assemblages 
The faunal correspondence of the assemblages present in the upper reaches of 
Womboyne River with Clyde River assemblages occurring at station 1 was very high. By 
comparison the subfossil fauna! assemblage from the main part of Womboyne River had 
few species in common and those that were present like Paramerina sp. 2 indicated 
fresh conditions. The fauna! correspondence of assemblages from the other estuaries 
and lagoons was much weaker although there were a few taxa in common like the 
Parachironomus sp. occurring at Meroo and Termeil. 
A total of 9 and 38 chironomid headcapsules were extracted from the Womboyne 
sediments of VC3 and VC4, respectively. VC3 had very similar patterns to VC4 
although with fewer remains (Fig. 3a, Table 2). VC4 had 7 species of which Tanytarsus 
fuscithorax was the most abundant (Table l; Fig. 8). The fauna from the Termeil Lake 
core was also depauperate with 4 species and a total of 2S6 headcapsules. The most 
abundant species was Dicrotendipes conjunctus with a total of 136 headcapsules 
followed by Tanytarsus fuscithorax with a total of 98 headcapsules. Chironomus sp., 
from the subfamily Chironominae, and Procladius sp. from the subfamily Tanypodinae, 
had 11 headcapsules each. 
Canonical correspondence analysis (not shown) was used to determine species-site 
relationships. Salinity/conductivity explained 3S% of the fauna! distribution on the first 
axis, while iron concentrations explained 32% of the total variance on the second axis. 
The canonical eigenvalues were 0. 77 and 0. 71 for the first and second axes, 
respectively. The environmental variables explained 1. 70 of the total inertia within the 
fauna! data set. 
The theoretical species distribution models that best fitted the data from the 
Womboyne River transect was the log-normal model, followed by the geometric 
abundance model, whereas the log series did not provide a significant fit (Fig. Sa-Sc). 
The log-normal also provided the best fit for the Womboyne core data, however in this 
case, the log series provided a better fit than the geometric series (Fig. Sd-Sf). By 
comparison, the data from the Termeil core was best explained by the log-series model 
(Fig. 6a-b ), data points could not be fitted to log normal models because there were too 
few. 
Discussion/ conclusion 
Cores, taphonomic considerations, and chironomid stratigraphy at Lakes Womboyne 
and Termeil 
The sedimentology of the Womboyne vibrocores provide no indication of any 
catastrophic event to a depth of about 240 cm, very near the sediments identified as the 
Pleistocene basement (e.g. Umitsu et al, 2001 ). Sediments close to the Pleistocene 
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basement certainly are much more reworked than younger deposits but even these 
provide insufficient evidence for the impact of several major tsunami in accordance 
with some models (Young et al, 1986; Young et al, 1995). The sediment records instead 
are more consistent with an environmental history characterised by a post-glacial 
marine transgression climaxing at around 8 ka BP to 7 .5 ka BP with subsequent 
sedimentation in the basin occurring gradually and accumulating sufficiently for the 
closure of some bays by around 2 ka BP. 
There is a marked division between marine-dominated and terrestrial-dominated 
environments within the lagoonal basins. Clean quartzose marine sands are found in 
barrier, back-barrier and tidal delta deposits along the seaward margin of the lagoons. 
These appear to be of marine origin and typically contain diverse molluscan 
assemblages, although the high energy of this environment has led to poor preservation 
of all but the most robust biotic remains. By comparison, finer-grained sediments 
presumably of terrigenous origin dominate the organic-rich sandy mud of the central 
brackish basin. This fine mud appears to be associated with the western slopes of the 
catchments and is sometimes stagnant due to the low-energy setting of this part of the 
basin. 
Close association between subfossil chironomid larval headcapsules with fine-grained 
organic-rich sediments from the central mud basin compared with the few subfossils 
associated with marine sands is consistent with the dynamics of sediments within the 
lagoons and the energy of depositional environments. Some of the most energetic 
conditions appear to be associated with flood events resulting in preservation of whole 
larvae and with subfossil headcapsules deposited sporadically, although subfossil numbers 
were consistently low (Fig. 5). 
A possible explanation for these sediment-subfossil relations is that living chironomid 
larvae may only intermittently inhabit lagoon basins if salinity and disturbances are 
suitably favourable and infrequent (e.g. live larvae sampled in the central basins of Lakes 
Termeil, Meroo, Werriga). Thus when conditions in the lagoon approach marine-
salinities or become hypersaline, larvae either die or retreat away from the central mud 
basin and perhaps inhabit only the fresh upper reaches of inflowing streams and rivers 
(e.g. Womboyne Lake; rev. Chapter 3). 
When freshwater flooding occurs, fresher waters may cap denser saline waters leading to 
temporary anoxia; in some instances, probably exacerbated by a rapid and increased 
deposition of clay-rich sediments. In some cases, this could result in the transport, rapid 
death and burial of chironomid larvae inhabiting transitional estuarine stations or 
occupying parts of the central lagoon basin. Thus possibly some chironomid subfossils 
from freshwater biocoenoses are transported into the mud basins and deposited together 
with remains from brackish lagoonal biocoenoses. If this occurs, the result is likely to be 
an averaging of faunal composition in which assemblages from various locations along 
estuarine gradients are incorporated during periods of high freshwater flow. Equally 
however, subfossil chironomid assemblages could reflect the expansion of chironomid 
distributions into central basins following increased freshwater flows that perhaps follow 
temporary anoxia in the central basins. More intensive modem survey work and 
examination of sediment records from coastal lagoons with better resolution and more 
abundant subfossil chironomid remains interpreted in association with information 
relating to flood events and/or salinity changes are required to investigate more 
thoroughly the relationships between these lagoonal processes and benthic insects. 
Fauna! composition and relative abundance 
The fresh upper reaches of Womboyne River had many faunal elements in common 
with the Clyde River (Chapter 2). Of the Tanypodinae identified at Womboyne River, 
Ablabesmyia notabilis, Ablabesmyia hilli, Djamabatista sp., and Paramerina sp. 2 all 
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occurred at the Clyde River (Table 2). All of these taxa are widespread and 
Djamabatista sp. is typical of sandy substrates and warm rivers. Of the Orthocladiinae, 
Genus S03, Nanocladius sp., Parakiefferiella variegatus, and Parakiefferiella sp. 2 all 
occurred at the Clyde River. Genus S03 occurs on Fraser Island and is common in acidic 
and humic streams whereas Nanocladius sp. occurs on fine sediments (Bugledich et al, 
1999; Cranston, 1996). Parakiefferiella variegatus is a common species that is tolerant 
of organic pollution (Bugledich et al, 1999; Cranston, 1996). Fewer Chironominae co-
occurred at the Clyde River and these taxa included Conochironomus sp., Zavreliella sp. 
'S 1 ', Rheotanytarsus juliae, Stempellina johni, and Riethia stictoptera. 
Conochironomus sp. is a common, widespread endemic taxon that is lentic and 
seasonally lotic (Bugledich et al, 1999; Cranston, 1996). Zavreliella sp. 'Sl' has been 
sampled in April in the Brindabellas while Rheotanytarsus juliae is typical of pristine 
waters even though it tolerates some organic loading and is a lotic filterer (Bugledich et 
al, 1999; Cranston, 1996). Of all the sampled southeastern Australian coastal sites, 
Polypedilum nr 'Sl' only occurred at Womboyne River and this taxon is pollution 
tolerant and occurs at the eutrophic Shoalhaven River and Lake Burley Griffen. This 
chironomid assemblage indicates rather polluted and degraded aquatic conditions. 
The chironomid fauna from Lakes Meroo, Termeil, Werriga were characterised by less 
abundant assemblages that were more depauperate than the assemblages collected from 
Palestine Creek/Curalo Lagoon and the Clyde River (Chapters 2 & 3). This may relate 
to more abrupt boundary transitions between saline and fresh waters situated along the 
estuarine gradients, or alternatively, less stable and more extreme fluctuations in 
salinity. All of the coastal sites had some fauna! elements that were broadly regionally 
distributed or cosmopolitan. Dicrotendipes corljunctus and Tanytarsus fuscithorax are 
examples of such taxa. Dicrotendipes conjunctus grazes woody surfaces, tolerates high 
sediment loads and runoff and is common in coastal environments (Bugledich et al, 
1999; Cranston, 1996). It is also known to occur in south coastal Western Australian 
lakes that have cooler surface water temperatures and generally higher salinities 
(Edwards et al, 1994). Tanytarsus fuscithorax. is another widespread, pollution-tolerant 
endemic species (Bugledich et al, 1999; Cranston, 1996). Microtendipes sp. was only 
sampled at Termeil Lake in winter and is a taxon that is tolerant of some organic 
enrichment. Polypedilum oresitrophum was sampled in winter at Termeil Lake and in 
summer in the fresh upper reaches of Womboyne River. This endemic, opportunistic 
species is widespread and occurs in the Northern Territory, Blue Mountains, along the 
southeast coast and the Murray floodplain (Bugledich et al, 1999; Cranston, 1996). 
According to one view, these coastal systems could be viewed as anthropogenically 
stressed in the case of the fresh upper reaches of Womboyne River, or naturally stressed 
in the case of the central basins of Lakes Meroo, Termeil, Werriga. This is because they 
show a reduction in species richness with the disappearance of sensitive species, a 
predominance of pollution-tolerant species, and a change in the number of individuals 
within a species whereby assemblages become more monospecific (Rapport, 1991). In 
the case of the naturally brackish ecosystems of Lakes Meroo, Termeil, Werriga this 
results in a loss of indicator value relating to the inability to detect changes other than 
those that are extreme. 
The fauna! composition of the coastal lagoons along the Southeast Coast is broadly 
similar to assemblages identified on siliceous sand substrates in the ephemeral Fraser 
Island lakes. In these lakes, the cosmopolitan chironomids Polypedilum nr leei, 
Polypedilum tonnoiri, Dicrotendipes sp., and Procladius sp. were identified when waters 
were dilute, acid, and sodium-chloride ion dominated (Bayly et al, 1975). However no 
chironomid subfossil remains were recovered in sediment cores from the Fraser Island 
lakes, of which Old Lake Coomboo Depression is presently 8 m deep, dystrophic, 
thermally and chemically stratified from September to April and with low pH, 
conductivity (60-70 µS), and visibility (Longmore & Heijnis, 1999). The absence of 
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subfossils from these lakes as compared with the southeastern coastal lakes may result 
from an overall difference in productivity since some Fraser Island lakes are ultra-
oligotrophic and chironomid populations small compared with the more eutrophic 
conditions of some southeastern Australian coastal lagoons (e.g. Chapter 3 ). Thus while 
the relatively pre-impacted environments of the lakes in this study have led to 
chironomid assemblage and species abundance patterns that are different from those 
observed at Curalo Lagoon, they are also distinct from those occurring at Fraser Island. 
Lake Curalo had consistently higher subfossil chironomid abundances compared with 
Lake Termeil and Womboyne Lake. However few live larvae were collected in the main 
part of the Curalo Lagoon compared with Lake Termeil that was evidently maintained 
under less saline conditions. This is reflected by the different appearance of Lake Curalo 
lacking the distinctive tea-colour of the fresher lagoons with their larger amount of 
decaying leaves and wood. Fresh conditions may develop at Lake Curalo only when 
flooding or wastewater inputs occur; and the subfossil record suggests that this is 
associated with a dramatic increase in chironomid populations in the lagoonal basin. 
Thus in comparison with Lake Curalo, the lagoons examined in this study had fewer 
subfossil larval chironomid headcapsules in sediment records but larger numbers of live 
larvae presently inhabiting lagoonal basins. 
Further study is required to ascertain how long these larval chironomid distribution 
patterns persist and how they differ from drought years (e.g. 2002 drought). Fresh 
conditions may be temporarily present only during winter when chironomid populations 
expand into lagoonal basins. However, at some study sites, chironomid assemblages 
appear to persist approaching the early part of summer on the 2ih October, 2002 when 
salinities were moderate. Nevertheless, tolerance limits evidently are soon breached 
when summer temperatures are high and/or when salinities approach fully marine 
conditions. Thus, W omboyne Lake is exceptional compared to the lakes clustered at 
Termeil because it is much larger with salinities more consistently approaching fully-
marine conditions, and like Curalo Lagoon, live chironomid larvae were not collected in 
the main part of the lagoon (Chapter 3). 
Chironomids become more abundant and persistent when conditions in central lagoon 
basins are fresher and more eutrophic. Furthermore, recolonisation after disturbances in 
lagoon basins evidently occurs rapidly perhaps from the expansion of fauna inhabiting 
inflowing fresher waters in addition to adult colonisation from neighbouring lagoons. 
This may explain the extremely consistent pattern of chironomid species richness and 
relative abundance distributions despite punctuation with disturbances or saline phases. 
Limited tolerance of saline conditions may restrict the colonisation potential of some 
taxa since the chironomid fauna south-eastern Australian coastal wetlands is apparently 
depauperate compared with assemblages collected in south-western Australian estuarine 
habitats that are derived from a more broadly salinity-tolerant fauna (Edwards et al, 
1994). 
Processes of assembly 
The findings of this study are consistent with other studies in which rates of disturbance 
and physico-chemical factors are correlated closely with larval chironomid species 
distribution patterns and relative abundances (e.g. Lods-Crozet et al, 2001; Milner et al, 
2001 ). The high phosphate concentrations recorded in this study are consistent with 
other measurements at sites along the Southeast Coast that range from 0.07 to 0.36 µm 
with the highest readings around Eden (Apte et al, 1998). These results have been 
confirmed by studies on the chemical composition of the lake sediment samples that 
had a total phosphorus concentration of around 230-455 mg/kg (Coastal & Marine 
Geosciences, 1999). These levels are still considered to be within those associated with 
some natural systems. Nitrogen levels in Womboyne Lake waters and sediments are also 
quite high and the report by the Coastal and Marine Geoscientist consultants indicated 
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that TKN-N was 2100-4210 mg/kg in the sediments. However these levels could also be 
due to naturally high levels of organic material in the mud basin sediments. 
Interestingly, levels of nitrogen and phosphorus were consistently lower for the deltaic 
samples with values of TKN-N 116-1160 mg/kg and 64-115mg/kg reported for total 
phosphorus (Coastal and Marine Geosciences, 1999). The significantly lower numbers 
of Chironomidae headcapsules preserved in the sediments of Lake Womboyne is 
unlikely to have resulted from these elevated nutrient levels since many Chironomidae 
benefit from increased algal growth that usually accompanies nutrient increases. 
Iron concentrations were also unusually high in the fresh upper reaches of Womboyne 
and there is considerable evidence that this is associated with dramatic increases in 
photosynthesis, especially in estuarine waters (Wells, 1999). Thus perhaps the delivery 
of freshwaters after flood events increases iron levels leading to a rapid flush of growth 
in photosynthetic organisms that is then exploited by certain Chironomidae, until more 
saline conditions return. This would be an interesting avenue for further research. 
Climatic ENSO phenomena may indirectly explain the patterns of chironomid faunal 
composition and relative abundance because these events affect disturbance regimes and 
salinity gradients by increasing the incidence of extreme flood and drought episodes. 
ENSO episodes associated with high precipitation cause higher freshwater outflow, 
increasing the export of nutrients inducing higher primary production and lowering the 
salinities of lagoon waters. During these phases, some of the more tolerant freshwater 
Chironomidae may expand their ranges temporarily into the main part of the lagoon 
basin. This pattern was indicated clearly at Termeil Lake where chironomid populations 
inhabited organic-rich sediments throughout most of the central mud basin but at the 
same time, were absent from the upper reaches of the inflowing creeks that were 
scoured clean of sediment. 
During dry phases, salinity increases in the lagoonal basins and larvae may contract 
their ranges up into the fresher upper reaches of inflowing streams. Under even more 
extreme drought conditions, stream-flow may be reduced to nil and chironomid 
populations forced to disperse to more suitable habitats altogether. Thus the stochastic 
effects of ENSO-associated droughts may represent an important non-equilibrium 
component in the ecology of coastal chironomid assemblages along Australia's 
southeastern margin. 
Unfortunately, these effects could not be investigated specifically using the sediment 
records from Lakes Womboyne or Termeil due to the poor resolution of lagoonal 
sediment records and low larval chironomid headcapsule counts. However, these features 
of the sediment records are unlikely to be attributable to the activity of catastrophic 
events like tsunami and concur with evidence for a more stable sea level (Chapter 3; 
Haworth et al, 2002). Tsunami deposits usually are associated with wedges of sediment 
that consist of a mixture of boulders and finer sediments that both taper inland and fine 
up the stratigraphic section (rev. Goff & Chaque-Goff, 1999). These features were not 
observed at the lagoons and estuaries examined in this study along the southeastern 
Australian coast. 
Thus the combined effects of strong species responses to estuarine salinity gradients and 
seasonally associated habitat disturbance related to flooding or breaches by the sea 
evidently determine chironomid assemblage dynamics and species composition in these 
coastal habitats. Some assemblage changes appear particularly closely related to species-
specific salinity tolerances, while other changes are associated with salinity changes in 
more complex indirect ways. For example, similar chironomid species distributions may 
result from the availability of suitable microhabitat, substrate, food resources, or the 
reorganisation of local community structures dependent upon inter-specific 
relationships (Verschuren, 1994). Further autecological and more intensive survey work 
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is required in these coastal wetlands to understand more fully the dynamics of these 
chironomid populations. 
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Appendix la. Dicrotendipes conjunctus tubes on the surface of rotting wood 
that was submerged and lying on the surface of sands at W erriga Lake. 
Photographed by Sophia Dimitriadis. 
! ' 
------ 0.5 mm 
Appendix 1 b. Gut contents typical of detritivorous Chironomidae from the 
coastal lakes. Photographed by Sophia Dimitriadis. 
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Appendix 2. Select chironomid taxa from the coastal lakes studied at the Southeast Coast 
of Australia. 1. Dicrotendipes conjunctus, 2. Kiefferulus 'tinctus', 3. Parachironomus 
indeterminate sp. 'new', 4. Parachironomus indet. sp., 5. Nanocladius sp., 6. Polypedilum 
nr oresitrophum, 7. Djamabatista sp., 8. Parakiefferiella sp., 9. Polypedilum nr leei, 
10. Polypedilum nr 'SI', 11. Riethia indeterminate sp. new, 12. Tanytarsusfuscithorax, 
13. Paratanytarsus sp., 14. Tanytarsus sp. 3rd and 4th instar headcapsules shedding, 
15. Zavreliella sp. Photographed by Sophia Dimitriadis. 
199 
Chapter 5. Lake Euramoo 
Sophia Dimitriadis 
Stable Chironomidae (Insecta: Diptera) assemblages over 6,000 years at the 
tropical Australian maar - Lake Euramoo. 
Abstract 
A 6 ka stratigraphic record of Chironomidae (Insecta: Diptera, non-biting midges) was 
examined and compared with results from a depth transect and microhabitat survey at 
Lake Euramoo in far North Queensland, Australia (l 7°10'S, 145°38'E). Lake Euramoo 
is a rare, tropical swamp-dominated double-explosion maar lake type. Its sediment 
record is characterised by gradually increasing aquatic productivity and changes in larval 
subfossil chironomid headcapsule preservation but with little change in species 
composition over the past 6 ka. Increased chironomid production was especially 
marked from ~2 ka BP up to the present day but assemblage composition remained 
relatively stable. Lake Euramoo's Chironomidae species relative abundance patterns are 
characterised more by shifts in subfossil larval headcapsule concentration than changing 
species composition. An exception is the past 100 years in which novel species like a 
second Chironomus sp., Kiefferulus "tinctus", and Polypedilum nr seorsum appear in 
the stratigraphic record that correspond with the survey of contemporary 
microhabitats in the lake basin. Unlike nearby Lake Barrine, the subfossil chironomid 
assemblage record is characterised only by weak variation and correspondence with 
climatic shifts. Shallower conditions, buffering by a thick swamp band, and gradually 
accumulating sediment with few stenotolerant taxa amongst chironomid assemblages 
appears to explain the stable species richness and assemblage composition of Lake 
Euramoo over the past 6 ka. 
Keywords: palaeolimnology, Chironomidae larvae, late Quaternary, climate, 
coordinated stasis, assembly processes. 
Introduction 
Ecologists and resource managers recognise that environmental variability from 10 to 
0.1 ka plays a major role in governing the spatial patterns and temporal dynamics of 
populations, assemblages, and ecosystems occurring up to the present day (e.g. Boulton 
& Brock, 1999). The late Quaternary was a time of particularly dynamic change in 
species distribution and abundance with widespread habitat tracking in many distantly 
related taxa (rev. Porch & Elias, 2000). In Australia, these range shifts were associated 
with climatic changes strongly influenced by shifts in aridity in addition to cooler 
conditions associated with the Last Glacial Maximum (21 to 18 ka BP) and Little Ice 
Age (~1250-1850 AD) (De Deckker, 2001). 
On the Atherton Tableland in the far North Queensland, Australia, pollen identified 
from lake and swamp sediment records have shown that catchment vegetation 
underwent considerable change (rev. Kershaw, 1995; Kershaw, 1994; Moss & Kershaw, 
2000). In particular, extensive areas of sclerophyll forest once covering most areas had 
been replaced by expanding patches of rainforest by 7 .2 ka BP under the influence of 
altered burning regimes and climatic changes driven by increased southeast trade winds 
and warmer ocean surface waters (rev. Moss & Kershaw, 2000). A subfossil larval 
chironomid record from nearby Lake Barrine further revealed that local aquatic insect 
assemblages respond in a similar manner to such environmental changes on the 
Tableland and identified ten assemblage shifts amongst subfossil remains associated with 
the past 9 ka BP (Dimitriadis & Cranston, 2001 ). 
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An intriguing paradox is most records regionally co-occurring lakes 
reflect a common climatic history, with individualistic species responses, some 
records can more stable and coordinated species responses in the face of 
environmental instability (rev. Chapter 1). Palaeoecologists are acutely aware of such 
discrepancies between proximate localities and consequently rely on a multi-proxy, 
multi-site approach to reconstruct past environmental conditions to avoid the false 
identification of stable environments either due to taphonomic processes or anomalous 
local assemblage and single taxon behaviours occurring at regional levels and recorded in 
subfossil/fossil records. At these larger scales, biostratigraphy may be considered 
essentially the record of biogeography through geologic time. Thus for ecologists, these 
palaeoecological patterns are of particular interest because assemblage stability is 
difficult to observe in contemporary ecosystems, particularly at more local levels (rev. 
Chapter 1). 
At biogeographic scales, several assembly processes have been proposed to explain 
species richness and relative abundance patterns however many are highly contentious 
(rev. Chapter l ). Neither individualistic types of behaviour in which species track 
habitats, or coordinated biotic responses capable of withstanding large environmental 
changes can explain the persistence observed in some records. Possibly the assembly 
processes that led to these patterns no longer operate and cannot be observed in 
modern ecosystems (Chapter 1 ). However given that most species typical of the late 
Quaternary are extremely morphologically similar, and in many cases, appear to have 
the same ecological tolerances and habitat preferences as contemporary 
representatives, this seems unlikely (Coope, 1978, 1995; Coope & Wilkins, 1994). 
Instead, such species assembly processes including stochasticity, dispersal, lineage 
history and speciation processes, site history processes, environmental constraints, and 
inter-specific interaction rules or "favoured states" associated with competition or 
niche partitioning are suggested to be responsible (rev. Chapter 1; Belyea & Lancaster, 
1999; Diamond, 1975; Drake, 1990; Fox, 1987; Gilpin et al, 1986; Samuels & Drake, 
1997; Weiher & Keddy, 1999; Wilson et al, 1995). The key to understanding alternate 
assembly patterns therefore is likely to require comparisons between different localities 
in a geographic region having a common species pool and will involve: 
( 1) untangling the sampling and real sorting processes active between modern 
species pools and local assemblages (biocoenoses) identified from surveys (rev. 
Martin, 1999); 
(2) relating these findings to possible taphonomic and real past species sorting 
processes eventually recorded as subfossil/fossil assemblages (thanatocoenoses 
or taphnothanatocoenoses) (rev. Connor & Simberloff, 1979; Riddle, 1996; 
Thomson et al, 1996; Weiher & Keddy, 1999). 
Ecotones are particularly suitable study sites for teasing apart the activities of different 
species assembly processes operating across a variety of spatio-temporal scales since 
"the pattern of temporal replacement of species ... is quite comparable to the spatial 
replacement of species along environmental gradients" (Brown & Gibson, 1983). 
Processes of assembly may be especially obvious at ecotones due to their precarious 
situation between two characteristic biomes. For example, in chapters 2, 3, and 4, the 
effects of the estuarine ecotone on temperate chironomid assemblages were examined 
whereas in this study, the effects of a climatic ecotone are examined on tropical 
chironomid assemblages in a freshwater lake. 
On the Atherton Tableland, the dry sclerophyll forest-rainforest ecotone has been 
investigated intensively and found to be related closely to climatically altered rainfall 
regimes and anthropogenically-induced shifts in burning frequencies and intensities 
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(Haberle pers. comm.; Hopkins et al, 1996; Kershaw, 1995; Timms, 1979). The strong 
influence of climate and anthropogenic changes do not however preclude the activity 
of other processes acting on floristic assembly and these may include soil weathering 
processes, symbioses, and novel adaptations. Furthermore, although climatic variations 
at transitional boundaries are most obvious at treelines or transitions between 
vegetation types, the same climatic or anthropogenic factors affect responses in 
aquatic biota residing in water bodies situated at such transitional boundaries (e.g. 
Olander et al, 1997). The lentic Chironomidae (Insecta: Diptera: non-biting midges) 
appear to be particularly sensitive to these environmental changes and their historic 
responses to climatic changes have been recorded in the subfossil assemblages of many 
lakes (Kansanen et al, 1984; Lotter et al, 1999; Walker, 1987). 
Modern Chironomidae are diverse, with more than 10,000 species expected worldwide 
(Saether et al, 2000); and abundances sometimes comprising more than 25% of 
aquatic insect species (Broderson, 1998; Broderson & Anderson, 2002; Cure, 1985; 
Reiss, 1984 ). Their taxonomy is well established with taxonomic keys available for 
the Australian fauna and some recent work on their general ecology (Cranston, 2002; 
Cranston, 2000a, b; Hynes, 1984; McKie, 2001). Most significantly, their occurrence 
across an extreme range of aquatic habitats covering temperature, pH, salinity, 
alkalinity, depth, current velocity, and eutrophication has been investigated 
(Battarbee, 1990; Cranston, 1995; Edward, 1986; Levesque et al, 1996; McKie, 2001; 
Schmah, 1993; Smith et al, 1999, Vinson & Hawkins, 1998; Walker & MacDonald, 
1995). 
Many Australian taxa are recognised as reliable environmental indicators suitable for 
environmental monitoring or palaeoecology, and thus have the potential to bridge the 
gap between theory, pattern analysis, and identification of underlying processes 
(Armitage et al, 1995; Dimitriadis & Cranston, 2001). However, reliable 
interpretation of species relative abundance distributions and assemblage composition 
requires: large samples with closely spaced time-series, objective delimitation of 
species assemblages, stratigraphic control independent of the target clade of taxa, 
independent evidence of sedimentation and preservation rates to account for artificial 
punctuations or protracted transitions, an assessment of within-species geographic 
variation, and phylogenetic interpretation (rev. Jablonski, 2000). 
This study makes use of a highly resolved stratigraphic record from Lake Euramoo 
dated using Pb210 and AMS14C analysis with a sampling resolution ranging from 5-20 yr 
intervals (Haberle, pers. comm.) to interpret Chironomidae assemblage dynamics at a 
sampling resolution of 0.1 to 2 ka in the late Holocene. The dynamics of species 
relative abundance and species richness patterns are compared with the record of nearby 
Lake Barrine to assess the potential of different assembly processes operating within 
the same region. Furthermore, a depth transect is employed to assess the influence of 
taphonomic processes in conjunction with a microhabitat study designed to provide 
additional insight into present day larval chironomid distributions around the Lake 
Euramoo basin (e.g. Frey, 1988). 
Methods and materials 
Study site 
Lake Euramoo is located in far North Queensland (17°10'S, 145°38'E) at the eastern 
edge of the Tertiary uplifted block of the Atherton Tableland close to Lake Barrine 
(Fig. 1; Dimitriadis & Cranston, 2001 ). Most of the Tableland is covered with Late 
Cainozoic basaltic flows and associated pyroclastic deposits originating from about 
forty eruptive centres, at least six of which are volcanic maars (de Keyser, 1964). Lake 
Euramoo is situated in a maar described as an ovate double explosion crater formed 
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Figure 1. Map of tropical Australian Lake Euramoo (17°10'S, 145°38'E) in far North 
Queensland, Australia showing position of piston coring site for subfossil record, 
Ekman grab sampling transect for Chironomidae subfossils, and microhabitat samples. 
203 
5. Lake Euramoo 
, "''""'" Dimitriadis 
activity on during the Late Pleistocene-Recent 
(rev. Kershaw, 1970). The lake is presently at ecotonal western limit of 
rainforest at an altitude around 718 m a small pocket of rainforest surrounded 
by large areas extensively modified human activities development 
of forestry, agriculture, and flooding to produce the Tinaroo reservoir (Fig. l ). The 
frequency and intensity of disturbance events in the catchment evidently have been 
associated with fires in the catchment an increasing incidence over the past 4.7 ka 
B.P. possibly associated with the onset of El Nino-related climate variability (Haberle 
et al, 200 l ). 
The northern basin of Lake Euramoo has dimensions of 200 by 125 m and is slightly 
smaller than the southern basin with dimensions of 210 by 145 m (Timms, 1976). In 
total, the lake has an area of about 365 m by 230 m with basin slopes rising steeply 
from the lake surface to the crater rim across a depth of about 25 m. The southern 
basin has a water depth of 20 m and is deeper than the northern basin with its depth of 
17 m (Timms, 1976). The surface area is about 0.4 km2 and the length of the shoreline 
covers a distance of 950 m (Russell, 1987; Timms, 1976). The total catchment area is 
about 4.5 km2 and there are no apparent inflow or outflow channels. This results in 
some seasonal fluctuation in water levels estimated to be between 2-3 m (Timms, 
1976). 
Lake Euramoo has slightly acidic, humic waters with readings for Secchi depth of 
around 372-430 cm, total dissolved solids 70 ppm, and a pH of 5.7-6.3 (Russell, 1987; 
Timms, 1979). The lake is partially or completely stratified for much of the year with 
low metalimnetic oxygen tensions. The profundal substrate is unconsolidated black-grey 
gyttja with considerable organic matter (>30%). A swamp band is made up of several 
conspicuous zones ranging from Phragmites, to Blechnum, and Cyperus dominance at 
the outermost margin. 
Sampling methods and analyses 
Sixteen Birge Ekman grab samples were collected along a transect running from the 
perimeter to the centre of Lake Euramoo's southern basin in accordance with standard 
recommendations (Veijola et al, 1996). Lake Euramoo sediments were further sampled 
in July 1999 using a modified Livingstone piston corer with a core tube diameter of 5 
cm. A 800 cm sediment core of which the top 510 cm was studied for chironomids was 
obtained from the deepest part of the southern twin basin, extruded in the field, 
wrapped in plastic, protected in PVC sleeves and transported to Monash University, 
Melbourne where the sections were stored at approximately 4°C for later analysis. 
Subsamples of sediment cores were taken every 15 cm comprising 1 ml volumes of 
sediment and up to 10 ml in lower sections of the core where sediments were more 
consolidated. Isolation of 3rd and 4th instar chironomid headcapsules generally followed 
the procedures outlined by Walker (1987, 2001). Sediment samples were deflocculated 
with warm water running through 60 µm mesh. The residue retained on the sieve was 
backwashed into a plastic vial and sorted in a Bogorov counting tray under 25-50 times 
magnification with a Wild Heerbrugg dissecting microscope. Headcapsules were 
transferred to drops of water on a cover-slip using #4 forceps. Coverslips containing 
approximately 15 headcapsules each were dried and mounted onto glass slides with 
Euparal for later identification. Remains were identified under 100-400 times 
magnification using an Olympus BH2 compound microscope. All identifications were 
based on descriptions given in keys by Cranston (1997, 2000a). Identification of taxa 
was mostly made at the generic level, although a few species identifications were 
possible. Data were compiled on spreadsheets and analysed using S-Plus, Graphpad 
Prism, Estimates ver. 5.0, and Primer ver. 5 statistical packages (Clarke & Gorley, 
2001; Colwell, 1997; Insightful, 2000; Motulsky, 1999). Relative abundance 
distributions were plotted using Panplot (Panplot, 2002). 
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Table I. The relative abundance of larval Chironomidae in microhabitats from Lake Euramoo. 
Chironomidae Fern Algal Wood Reed Sponge Grass Lilypad 
in microhabitats 
Chironominae 
Chironomini 
Chironomus sp. Meigen 0 2 0 1 3 2 1 
Dicrotendipes jobetus Epler 8 0 8 2 2 0 5 
Kiejferulus 'tinctus ' 0 0 3 0 5 1 0 
Kiefferulus 'tumidus ' 0 0 0 0 8 2 0 
Parachironomus sp. 'new' 0 0 0 1 0 0 0 
Polypedilum nr 'Kl' 0 1 0 0 0 1 0 
Polypedilum leei Freeman 0 0 1 0 0 0 0 
Polypedilum nr 'seorsum' Skuse 11 0 0 0 0 4 0 
Xenochironomus sp. 'new' 0 0 0 2 0 0 0 
Tanytarsini 
Paratanytarsus sp. 'new' 0 0 0 1 0 0 0 
Tanytarsus nrfuscithorax Skuse 1 3 4 0 0 1 0 
Orthocladiinae 
Parakiefferiella sp. Thienemann 10 3 0 0 0 0 
Tanypodinae 
Djamabatista sp. Fittkau 0 1 3 0 0 0 
Fittkauimyia sp. Karunakaran 0 0 0 0 0 0 
Pentaneurini sp. '.new' 0 0 0 0 0 0 
Total number of species 
per microhabitat 7 4 5 6 4 7 2 
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Results 
Micro habitat 
The microhabitat identified 15 species in 7 that pteridophyte 
beds, algal mats encrusted with sponge, decomposing wood, decomposing reeds, 
encrusting sponge, grass on peat beds, and decomposing stems. Most species 
belonged to the subfamily Chironominae with a total of 11 species; the remainder were 
three representatives from the Tanypodinae and a single Orthocladiinae (Table L). 
Several species were identified in the microhabitat study that were not sampled in the 
depth transect. These species included two Kiejferulus species and a very rare 
Paratanytarsus sp. sampled in the decomposing reeds. Kiejferulus "tinctus" was found in 
decomposing wood. Kiejferulus tumidus was found on the floating swamp beds 
surrounding the perimeter of the lake associated with encrusting sponge or decaying 
grass and peat. Rare species are defined here as chironomid larvae not sampled in 
Australia before and occurring at Lake Euramoo in low numbers. Uncommon species 
are defined as not sampled before at other localities, or at least infrequently but being 
relatively common amongst chironomid assemblages at Lake Euramoo. 
Depth transect 
A total of 21 taxa were identified from 3,543 headcapsules sampled along the depth 
transect with 13 stations running from the edge of the floating swamp mat at a depth 
of 520 cm to the coring site at a depth of 1600 cm in the southern part of Lake 
Euramoo's twin basin (Table 11). All assemblages sampled across the depth transect had 
very similar numbers of headcapsules ranging from 192-356 headcapsules. The 
composition of samples along the transect was also very similar with most abundant 
species consistently including the Tanypodinae Ablabesmyia sp., and Djamabatista sp., 
followed closely by the pair of Chironomini, Chironomus sp., and Dicrotendipes 
jobetus. The orthoclad Parakiejferiella sp. and Tanytarsus nr fuscithorax from the tribe 
Tanytarsini were also relatively common. More uncommon species included the 
Tanypodinae Paramerina sp. and Fittkauimyia sp. and the Chironomini Polypedilum 
sp. nr seorsus, Zavreliella sp., Parachironomus sp., and Polypedilum leei. Rare taxa 
included Polypedilum 'Kl', Tanytarsus sp., Polypedilum 'M2 ', Xenochironomus sp., 
Orthocladius 'SOS', and Corynoneura sp. The theoretical species distribution models 
that best fitted the data from the transect were the geometric and Jog-series models, 
there were too few data to evaluate the fit with the log normal model. 
Sediment core 
The piston core extracted in July 1999 yielded a total of 5, 17 6 sub fossil headcapsules 
from 20 chironomid species (Fig. 5, 6). The numbers of headcapsules recovered from 
the core were fairly consistent from 45 to 1 cm core-depths that contained about 30 to 
50 headcapsules per sample. The numbers were slightly depressed compared with the 
consolidated sediments because these sediments were uncompacted, gel-like and 
collected from sub-samples for which there was less available material for chironomid 
analyses. From 1, 772 to 50 cm core-depths the numbers of headcapsules ranged from 
between 100 to 300 headcapsules. From 2,112 to 1,790 cm core-depths, numbers of 
headcapsules were much lower due to poorer preservation and ranged from about 5 to 
70 headcapsules. Hierarchical clustering using Bray-Curtis similarities with log x+ 1 
transformation in Q-mode showed at least 4 groups at around 60% similarity (Fig. 2a). 
The groups can also be identified from the associated nMDS plot (Fig. 2b ). Cluster 3 
consists of the youngest sediments, cluster 2 and 1, the oldest sediments. Analysing the 
same data matrix in R-mode revealed around 8 clusters of taxa. Tanytarsus sp. and 
Djalmabatista were quite different from the other taxa (Fig. 3a-b ). All the theoretical 
species distribution models were excellent fits for the data from the core, however, the 
geometric abundance model appeared to have the best fit. 
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Table II. Chironomidae from the water depth transect at Lake Euramoo carried out on the 
28111 May 1999. 
Chironomidae 
species 
Chironominae 
Chironomini 
Number 
of 
headcapsules 
Chironomus sp. Meigen 739 
Dicrotendipes jobetus Epler 54 7 
Kiefferulus 'tinctus' 0 
Kiefferulus 'tumidus' 0 
Parachironomus sp. 'new'* 46 
Polypedilum sp. nr 'Kl' 5 
Polypedilum sp. 'M2' 3 
Polypedilum leei Freeman 30 
Polypedilum nr seorsum Skuse 90 
Xenochironomus sp. 'new'* 2 
Zavreliella marmorata van der Wulp 83 
Tanytarsini 
Paratanytarsus sp. 'new'* 
Tanytarsus nrfuscithorax Skuse 
Tanytarsus sp. van der Wulp 
Orthocladiinae 
Corynoneura sp. Winnertz 
Orthocladius 'SOS'* 
Parakiejferiella sp. Thienemann 
Tanypodinae 
Ablabesmyia sp. Johannsen 
Djamabatista sp. Fittkau 
Fittkauimyia sp. Kamnakaran 
Pentaneurini sp. 'new' # 
0 
15 
3 
I 
2 
215 
834 
77 
12 
146 
St. I 2 3 4 5 6 7 8 9 l 0 11 12 13 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ 
- + 
+ + + + + + + + + - + + + 
+ - + -
+ + -
+ - + + + + + + - + + + 
+ + + + + + + + + + + + + 
+ -
+ + + + + + + + + + + + + 
+ 
+-+++-+-+-+++ 
+ - + - + 
+ -
+ -
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+ + + + + + + + + + + + + 
+++++-++-+- + 
+ + + + + + + + + + + + + 
*rare species not seen before in Australia, low numbers. 
#uncommon, sampled at other localities but common in assemblages at Lake Euramoo. 
The water depth at station 1 was 520 cm, 2 -520 cm, 3 - 600 cm, 4 - 800 cm, 5 - 1040 cm, 6 - 1120 cm, 
7 - 1440 cm, 8 - 1440 cm, 9 - 1480 cm, 10 - 1480 cm, 11 - 1480 cm, 12 - 1560 cm, 13 - 1600 cm. 
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Chapter 5. Lake Eurarnoo 
Sophia Dimitriadis 
Lake Eurarnoo may be conveniently divided into three distinct ecological zones 
comprising the littoral, the sub littoral and the profundal (e.g. Kansanen et al, 1984 ). 
The littoral zone is the shallow lake margin, characterised by the presence of a floating 
swamp band and fringing aquatic rnacrophytes. The profundal zone is the part below 
which there is insufficient light to support photosynthesis and the sublittoral is the 
intermediate zone between the littoral and profundal. At Eurarnoo, the profundal zone 
appears too unstable and anoxic to support chironornid populations. This is common in 
the tropics where high temperatures result in organic-rich benthic mud sometimes 
becoming anaerobic due to the accelerated oxygen demands of in-faunal 
. . 
rnicroorgamsrns. 
Of the chironornid taxa that occurred in the swamp band, Dicrotendipes jobetus, 
Kiefferulus tinctus and Kiefferulus tumidus occur in the Northern Territory and may be 
warm stenotherrnic taxa (Bugledich et al, 1999; Cranston, 1996). Polypedilum nr 'Kl' 
is associated with littoral environments, Polypedilum leei is widespread and pollution 
tolerant, and Polypedilum nr seorus is a widespread eastern Australian species 
(Bugledich et al, 1999; Cranston, 1996). Tanytarsus fuscithorax is a widespread 
pollution tolerant euryhaline lentic species (Bugledich et al, 1999; Cranston, 1996). 
The absence of a benthic chironornid fauna confirms a previous study by Timms (1979) 
who sampled rnacrobenthic species from all rnaar lakes on the Atherton Tableland 
including Lake Eurarnoo and found no rnacrobenthic species including Chironornidae 
from 16 grabs at 4 stations at 10 rn to 20 rn water depths sampled in July. In this study, 
no Chironornidae were found living in the profundal but were found around the lake 
margin amongst floating swamp mats, submerged wood and in the shallow littoral zone. 
Notably, Procladius paludicola and Monopelopia sp., absent from the rnicrohabitat 
survey and depth transect samples, were present in the piston-core. Procladius 
paludicola occurs in both lentic and lotic habitats but has been associated with positive 
responses to drying phases and negative responses to flooding on the Murray River 
floodplain (Suter et al, 1995). It is also typical of flooded crop fields and may therefore 
be a rapidly colonising opportunistic species (Stevens, 1995). Monopelopia sp. is 
known to occur in billabongs along the Murray River. Headcapsules from Zavreliella 
marmorata occurred in the sediments of the depth transect and the piston core but was 
not sampled in the rnicrohabitat species. Like Procladius paludicola and Monopelopia 
sp. this species may occur at greater depths or may have a more seasonal occurrence. 
Similar levels of productivity seem to have been maintained from the late Pleistocene 
(21.5 ka BP) based on evidence from the number of headcapsules preserved in the core 
from the central lake basin and from radiocarbon dates that indicated extremely 
minimal disturbance in the sediment record (Haberle, pers. comm.). All species 
extracted from the core were represented also in the transect sediment samples that 
reflect the commonly observed correlation between life and death chironornid 
assemblages (e.g. Walker et al, 1984). 
Of the species present as subfossil headcapsules in the benthic samples, only a few 
identified as live larvae in the rnicrohabitat study were absent. In particular, as with the 
record from Lake Barrine, the wood/sponge-mining taxa (e.g. Xenochironomus sp.) 
were under-represented or absent (Dimitriadis & Cranston, 2001 ). Such a chironornid 
distribution pattern within the lake basin is unlikely to have resulted from sampling 
artefacts because the sampling regime used in this study and that of Timms (1979) 
corresponds with the recommended number of 10 replicate Ekman samples or a sample 
with around 100 individuals when monitoring profundal benthos (Veijola et al, 1996). 
Thus the restriction of populations to the littoral and swamp band appears to be 
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genuine rather than artefactual, and the high diversity of Chironomidae related to the 
large number of microhabitats present around the lake margin. This trend is reflected 
also by Lake Euramoo's rotifer assemblages according to a survey of the Tableland 
crater lakes that found Euramoo had extremely diverse rotifer assemblages likely to be 
associated with low salinity and abundant submerged vegetation (Green, 1981). 
Australian subfossil assemblages compared with European climatic periods 
At Australian Lake Euramoo, chironomid assemblages with similar relative abundance 
distributions and species composition persisted throughout the Atlantic Period (8.5-5 
ka BP) recognised in European lake records and characterised by a warm and 
increasingly dry climate (Fig.). These Australian assemblages further persisted through 
the Sub-Boreal Period (5-2.8 ka BP) characterised by globally increasing moisture (Fig. 
4). During the Classic Roman Period (2.8-1.9 ka BP), Fittkauimyia sp. and 
Polypedilum leei first appeared in the record during a time characterised by cool, 
increasing moisture. Then, some small changes in the assemblage occurred from the 
Late Roman Period (1.9-1.5 ka BP) with an increase in Microtendipes sp. during a time 
characterised by a warming and an increasingly dry climate. The warm Post-Roman and 
Carolingian Period (1.5-0.9 ka BP), Medieval Warm Period (0.9-0.7 ka BP), and Early 
Medieval Cool Period (0.7-0.4 ka BP) were characterised by negligible changes in 
chironomid assemblages. Through the very cool Medieval Little Ice Age (0.4-0.1 ka 
BP) most changes in the Australian Lake Euramoo chironomid assemblages were 
registered as the arrival of a new Tanytarsus sp., Polypedilum 'SI 'and an increasing 
abundance of Microtendipes and Djamabatista. Some changes were again observed 
during the Industrial Age (0.1 ka BP to present) characterised by warming and 
anthropogenically induced changes with the arrival of a second Chironomus sp. and 
Kiefferulus sp. 
Thus although this record spans multiple periods of environmental change recognised in 
the northern hemisphere and more locally on the Atherton Tableland, the chironomid 
assemblages at Lake Euramoo have rather consistent relative abundance distributions 
and species compositions (Dimitriadis & Cranston, 2001; Smol et al, 2001 ). Thus not 
only did the Australian chironomid assemblages not correspond with European 
assemblage chnages, they further did not match chironomid responses within the same 
region of the Atherton Tableland. 
In the periods registered as times of change at Lake Barrine, the chironomid 
assemblages of Lake Euramoo showed little change in overall richness, dominance 
diversity, guild structure, or species composition and there were few or no new 
immigrants (Fig. 5, 6). This suggests that larval chironomid species assemblages 
consistently recurred at Lake Euramoo (e.g. Wilson et al, 1996). This is consistent with 
patterns of coordinated stasis where there is less than 40% species extinction and less 
than 40% species origination (rev. Holland, 1996). At Lake Euramoo no less than 90% 
of the species composition survives to the present and lineages show little or no 
morphological. change. This is consistent with a level of coordinated stasis that is 
infrequently observed during the late Quaternary since the ebullient environmental 
conditions of this period are most frequently associated with individualistic species 
behaviour (e.g. Chapter 2; Coope, 1978; Coope, 1995; Coope & Wilkins, 1994). This 
type of behaviour is rarely, if ever, demonstrated in Australian and other Southern 
hemisphere records. 
A significant difference between traditionally recognised patterns of 'coordinated stasis' 
and the pattern observed at Lake Euramoo is the relatively short duration. Periods of 
between 2 to 7 ka fall well short of most patterns encompassing periods of around 2-8 
million years. However continuous lacustrine sediment records extending for periods 
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this long are unlikely to be observed in Australia because most aquatic records are 
delimited by dry intervals with deflation and a generally arid climate leading mostly to 
impermanent or short-lived water-bodies. Nevertheless, patterns of coordinated stasis 
are expected in the Quaternary and could theoretically be observed in Australian 
lacustrine records where: "although no comprehensive survey has been made, it 
appears that both terrestrial and marine examples of regional system stasis are known, 
from the Quaternary as well as from the pre-Quaternary, involving organisms with 
varied life histories and adaptations" (rev. Miller, 1996) However before records are 
examined for such patterns, an important question is whether periods exhibiting 
patterns of coordinated stasis extending over periods of less than 10 ka and in the face 
of moderate environmental change should be considered merely permanent ecological 
states (e.g. Law & Morton, 1996). The alternative would be that they are comparable 
with longer periods of faunal stability perhaps subject to the same processes of assembly 
ultimately responsible for maintaining such patterns (e.g. Holland, 1996). 
Assembly processes 
At Lake Euramoo, coordinated patterns are unlikely to be the result of processes that 
produce "taphonomic mirage" (e.g. Holland, 1996; Miller, 1996; Smol, 1981). The 
pattern at Lake Euramoo is not an artefact of the stratigraphic record because 
radiocarbon dates and other microfossils from similar sampling intervals confirm the 
conclusion that there has been very little redistribution and bioturbation of the 
sediment record (Haberle pers comm., Kershaw, 1970). Instead, patterns are likely to 
have remained stable due to the persistence of environmental conditions at the site. "A 
community group, once formed, changes very little with time as long as its environment 
persists." (Boucot, 1990). However, it is difficult to reconcile this explanation with 
evidence that chironomid assemblage changes at nearby Lake Barrine area respond to 
well documented environmental changes on the Atherton Tableland. Therefore, 
important issues arise: 
---7 Was the local environment at Lake Euramoo buffered from change at Lake 
Euramoo compared with Lake Barrine? 
---7 Is the littoral and swamp band habitat of Lake Euramoo less disturbed with 
turnover events, sediment influx, or water level changes compared to Lake 
Barrine? 
---7 Is the fauna of Lake Euramoo more generalised and less responsive to 
environmental change? 
Climatic conditions are unlikely to have been more stable at Lake Euramoo than at 
Lake Barrine. Both sites are located at similar altitudes with Lake Euramoo at 730 m 
asl compared with Lake Barrine at 721 m asl. Pollen records from both lakes indicate a 
regionally similar transition from dry sclerophyll forest to tropical rainforest occurring 
within a similar time period. Furthermore, the climatic changes present on the 
Atherton tableland during this period have been well documented using a variety of 
proxy evidence and indicate strong region-wide patterns (Haberle et al, 2001; Hopkins 
et al, 1996; Kershaw, 1975; Kershaw, 1983, 1994, 1995). 
The swamp band and the littoral zone of Lake Euramoo forms the habitat of the 
Chironomidae identified in the sediment record. Taxa may have inhabited the profundal 
between 6,000 to 2,000 yr B.P. as evidenced by a greater abundance of tanypods 
including Procladius sp.; however these compositional changes may be taphonomic. 
The headcapsules of the Tanypodinae are larger and require more time to degrade 
compared with some Orthocladiinae and Chironominae. Further, the vegetation of the 
swamp band has been described in detail and appears to have been greatly affected by 
changes in lake level associated with climatic change (Kershaw, 1970). When 
conditions became wetter, rainforest taxa expanded in the catchment and the 
abundance of swamp plants increased (Kershaw, 1970). This expansion of swamp 
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paradoxically was not related to an increase in rainfall or water levels but rather to a 
decrease in runoff related to changes in the vegetation and accumulating humus 
(Kershaw, 1970). Maintenance of shallow swamp conditions at Lake Euramoo could 
explain its compositionally robust chironomid assemblages and noticeable difference 
from the chironomid assemblages and dynamics observed at the much deeper Lake 
Barrine. 
Are swamp-dwelling taxa more generalised than littoral, sub-littoral dwelling 
chironomid taxa? The results from the microhabitat survey suggest that there is some 
overlap between habitat types, but further survey work would be required to answer this 
question satisfactorily. To date, there is limited information available on the ecology of 
each species identified at Lake Euramoo, mostly because some of the species are rare 
and novel. Nevertheless a plausible possibility is that swamp-dwelling taxa are less 
responsive to environmental change as compared with littoral/sublittoral dwelling taxa 
because they are less subject to effects from oxygen depletion and changes in 
temperature characteristic of deeper lake waters. Annual minimum oxygen 
concentrations are a primary factor controlling migration of profundal chironomid 
assemblages in temperate northern hemisphere lakes whereas food availability may 
become limiting in ultra-oligotrophic lakes (Kansanen, 1984; Saether, 1979). Thus lack 
of oxygen appears to be a most critical factor in lakes that stratify, or those with 
advanced eutrophy, or if there is poor mixing between fresh/saline waters that typically 
occurs in coastal lakes. Therefore, oxygen is not likely to be an important factor for 
swamp-dwelling taxa that may expand when the lake dries and swamp vegetation 
extends into the basin. Thus for swamp-dwelling chironomid taxa, environmental 
changes would be registered as less dramatic and so assemblages would persist around the 
lake margin and on floating swamp mats with more changes in overall abundance than 
species composition. 
Conclusions 
The chironomid assemblages at Lake Euramoo are characterised more by changes in 
overall abundance rather than compositional shifts as compared with Lake Barrine 
because most taxa inhabit the floating swamp band. These taxa track the extent of 
habitats associated with decaying vegetation that expanded with the transition to 
rainforest and its accompanying decrease in runoff to the basin. These chironomid 
species appear less responsive to temperature and climatic changes because they are less 
subject to shifts in oxygen, temperature, and disturbances from runoff and turnover as 
observed in the much deeper, larger lakes with steeper basin slopes and faster runoff. 
Thus the larval chironomid assemblages of Lake Euramoo do not represent an obvious 
discontinuity between present assembly patterns resulting from processes operating 
amongst living biota and past assembly patterns identified from subfossil larval 
headcapsules (rev. Chapter 1). The pattern of 'coordinated stasis' extending up to the 
present day is instead considered to indicate that similar habitats have persisted with 
similar underlying assembly processes that require further investigation. 
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Appendix I. Correlation between core intervals and species presence/absence derived 
depth zones according to Graphpad Prism analyses and comparisons between 
analyses assuming gaussian species distributions (Pearson) and Spearman 
nonparametric assumptions. Depth pairs that were not identified to be significant 
according to either method are marked with an asterisk. 
Core depth Valuer 95% confidence intervals Twin tailed p value 
(calibrated significance 
radiocarbon years) 
Pearson Spearman Pearson Spearman Pearson Spearman 
6346-6008 0.5958 0.7417 0.2081 to 0.4339 to 0.0056 0.0002 
0.8217 0.8944 significan significan 
t t 
6008-5677 0.9935 0.7458 0.9833 to 0.4414 to <0.0001 0.0002 
0.9975 0.8963 significan significan 
t t 
5677-5352 0.9486 0.6869 0.8722 to 0.3387 to <0.0001 0.0008 
0.9798 0.8697 significan significan 
t t 
53 52-5033 0.9695 0.7255 0.9228 to 0.4050 to <0.001 0.0003 
0.9881 0.8872 significan significan 
t t 
5033-4721 1.0 1.0 - - - -
4721-4414 -1.0 -1.0 
- - -
-
4414-4114 -1.0 -1.0 
- - -
-
4114-3820 0.8876 0.8369 0.7329 to 0.6176 to <0.0001 <0.0001 
0.9550 0.9354 significan significan 
t t 
3820-3532 0.4153 0.7439 -0.0334 to 0.4379 to 0.0686 0.0002 
0.7247 0.8954 n. signif. significan 
t 
3532-3250 0.6833 0.7904 0.3450 to 0.5248 to 0.0009 <0.0001 
0.8645 0.9157 significan significan 
t t 
3250-2974 0.7487 0.6827 0.4578 to 0.3316 to 0.0001 0.0009 
0.8948 0.8677 significan significan 
t t 
2974-2705 0.9297 0.6936 0.8276 to 0.3499 to <0.0001 0.0007 
0.9722 0.8727 significan significan 
t t 
2705-2442 0.9257 0.8981 0.8185 to 0.7500 to <0.0001 <0.0001 
0.9706 0.9605 significan significan 
t t 
2442-2184 0.8098 0.8549 0.5723 to 0.6553 to <0.0001 <0.0001 
0.9220 0.9429 significan significan 
t t 
2184-1933 0.9730 0. 7064 0.9317 to 0.3716 to <0.0001 0.0005 
0.9895 0.8786 significan significan 
t t 
1933-1786 0.9265 0.6031 0.8203 to 0.2054 to <0.0001 0.0049 
0.9710 0.8298 significan significan 
t t 
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1786-1737 0.9936 0.9198 0.9836 to 0.7999 to <0.0001 <0.0001 
0.9975 0.9691 significan significan 
t t 
1737-1676 0.9529 0.7577 0.8826 to 0.4630 to <0.0001 0.000 I 
0.9816 0.9015 significan significan 
t t 
1676-1616 0.9669 0.7454 0.9166 to 0.4406 to <0.0001 <0.0002 
0.9871 0.8961 significan significan 
t t 
1616-1544 0.9314 0.9153 0.8315 to 0.7894 to <0.0001 <0.0001 
0.9729 0.9673 significan significan 
t t 
1544-1473 0.9229 0.9436 0.8120 to 0.8565 to <0.0001 <0.0001 
0.9695 0.9784 significan significan 
t t 
1473-1403 0.9761 0.9132 0.9393 to 0.7845 to <0.0001 <0.0001 
0.9907 0.9665 significan significan 
t t 
1403-1333 0.9675 0.8965 0.9181 to 0.7464 to <0.0001 <0.0001 
0.9873 0.9598 significan significan 
t t 
1333-1286 0.9214 0.8772 0.8084 to 0.7035 to <0.0001 <0.0001 
0.9689 0.9520 significan significan 
t t 
1286-1217 0.9252 0.9698 0.8174 to 0.9216 to <0.0001 <0.0001 
0.9704 0.9885 significan significan 
t t 
1217-1103 0.9836 0.9729 0.9580 to 0.9295 to <0.0001 <0.0001 
0.9936 0.9897 significan significan 
t t 
I 103-1036 0.9727 0.8198 0.9308 to 0.5829 to <0.0001 <0.0001 
0.9894 0.9283 significan significan 
t t 
1036-968 0.9729 0.6237 0.9312 to 0.2369 to <0.0001 0.0033 
0.9894 0.8398 significan significan 
t t 
968-902 0.8848 0.8345 0.7269 to 0.6126 to <0.0001 <0.0001 
0.9539 0.9344 significan significan 
t t 
902-836 0.9121 0.7836 0.7874 to 0.5118to <0.0001 <0.0001 
0.9651 0.9128 significan significan 
t t 
836-771 0.8904 0.9270 0.7391 to 0.8168 to <0.0001 <0.0001 
0.9562 0.9719 significan significan 
t t 
771-706 0.9402 0.8 I 76 0.8522 to 0.5783 to <0.0001 <0.0001 
0.9765 0.9273 significan significan 
t t 
706-641 0.9693 0.8563 0.9223 to 0.6583 to <0.0001 <0.0001 
0.9880 0.9435 significan significan 
t t 
641-578 0.9726 0.8809 0.9306 to 0.7115 to <0.0001 <0.0001 
0.9893 0.9535 significan significan 
t t 
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578-515 0.9813 0.9288 0.9523 to 0.8209 to <0.0001 <0.0001 
0.9927 0.9726 significan significan 
t t 
515-452 0.9339 0.8363 0.8374 to 0.6163 to <0.0001 <0.0001 
0.9739 0.9352 significan significan 
t t 
452-388 0.9154 0.7007 0.7949 to 0.3620 to <0.0001 <0.0006 
0.9665 0.8760 significan significan 
t t 
388-325 0.8989 0.7825 0.7577 to 0.5096 to <0.0001 <0.0001 
0.9597 0.9123 significan significan 
t t 
325-262 0.8766 0.7477 0.7090 to 0.4447 to <0.0001 0.0002 
0.9504 0.8971 significan significan 
t t 
262-199 0.8758 0.7454 0.7073 to 0.4406 to <0.0001 0.0002 
0.950 I 0.8961 significan significan 
t t 
199-136 0.9597 0.9169 0.8990 to 0.7930 to <0.0001 <0.0001 
0.9842 0.9679 significan significan 
t t 
136-85 0.7485 0.8672 0.4574 to 0.6816 to 0.0001 <0.0001 
0.8947 0.9480 significan significan 
t t 
85-67 0.8298 0.8512 0.6120 to 0.6475 to <0.0001 <0.0001 
0.9306 0.9414 significan significan 
t t 
67-60 0.7989 0.8105 0.5512 to 0.5641 to <0.0001 <0.0001 
0.9172 0.9243 significan significan 
t t 
60-49 0.7508 0.6831 0.4615 to 0.3323 to <0.0001 0.0009 
0.8957 0.8679 significan significan 
t t 
49-38 0. 7040 0.6542 0.3797 to 0.2850 to 0.0005 0.0018 
0.8742 0.8544 significan significan 
t t 
38-27 0.6958 0.8539 0.3659 to 0.6533 to 0.0007 <0.0001 
0.8704 0.9425 significan significan 
t t 
27-20 0.8265 0.7947 0.6054 to 0.5331 to <0.0001 <0.0001 
0.9292 0.9176 significan significan 
t t 
20-17 0.7377 0.8707 0.4381 to 0.6892 to 0.0002 <0.0001 
0.8898 0.9494 significan significan 
t t 
17-7 0.9288 0.8429 0.8255 to 0.6300 to <0.0001 <0.0001 
0.9719 0.9379 significan significan 
t t 
7-0 0.8950 0.8556 0.7492 to 0.6568 to <0.0001 <0.0001 
0.9581 0.9432 significan significan 
t t 
ZONES 
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1&2 0.659 l 0.7473 0.3057 to 0.4441 to 0.0016 0:0002 
0.8529 0.8969 significan significan 
t t 
2&3 0.9672 0.5411 0.9173 to 0.1156 to <0.0001 0.0138 
0.9872 0.7988 significan significan 
t t 
3&4 l.000 0.7433 
-
0.4479 to 
-
<0.0001 
0.8924 significan 
t 
4&5 0.7847 0.6462 0.5240 to 0.2722 to <0.0001 0.0021 
0.9109 0.8506 significan significan 
t t 
5&6 0.9101 0. 7103 0.7828 to 0.3785 to <0.0001 0.0004 
0.9643 0.8804 significan significan 
t t 
6&7 0.9485 0.7538 0.8720 to 0.4558 to <0.0001 <0.0001 
0.9798 0.8998 significan significan 
t t 
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3. 
Appendixl.. Subfossil Chironomidae larval headcapsules from Lake Euramoo, far North 
Queensland Australia. 1. Chironomus sp., 2. Dicrotendipes sp., 3. Polypedilum nr seorsus, 
4. Fittkauimyia sp., 5. Paramerina parva, 6. Monopelopia sp., 7. Paramerina parva, 
8. Procladius paludicola, 9. Procladius paludicola. Photographed by Sophia Dimitriadis. 
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1. Kiefferulus 'tinctus' mandible from Lake Euramoo. 
JGdTmdus •rinalzt' 
mandible 
2. Kiefferulus tumidus mandible from Lake Euramoo. 
314. Kiefferulus tumidus mentum and midmentum. 
5. Monopelopia sp. setae 6. Parakiefferiella sp. nr 'Kl', 7. Polypedilum nr 
seorsus mentum 
Pl>lypcdilum M~r.rus 
antenna .~'.!-•. 
8. Polypedilum nr seorus antenna, 9. Polypedilum sp. Kl, 10. Tanytarsus sp. nr 
1.&•1crlt!Jm fuscithorax 
orpn - t'. ' "...; _;+.~~-----
p<dla:I - -s-'f' ' 
,,/'s 
1,i.: 
., -
bl.Id<! 
/ 
12. Xenochironomus sp. 
11. Tanytarsus sp. nr 
fuscithorax antenna. 
Appendix 3. Chironomidae larvae from the Lake Euramoo microhabitat 
survey. Photographed by Professor Peter Cranston for a taxonomic key to 
Australian Chironomidae from material collected by Sophia Dimitriadis. 
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at Australia's Lake Selina, western 
Abstract 
The climatic history of permanent Lake Selina located in western Tasmania, Australia 
is reconstructed using stratigraphic analysis of subfossil non-biting midges (Insecta: 
Diptera: Chironomidae). Lake Selina is one of Australia's few deep freshwater lakes 
formed by glacial ice scouring during the late Pleistocene that has continuously 
accumulated sediments recently demonstrated to sensitively document the 8 180 isotope 
stages of the last glaciation up to the present day. In particular, subfossil pollen from 
the sediment record closely matches inferred changes in temperature identified using 
&180 isotope records from deep sea and ice core sediments dated to corresponding 
stratigraphic intervals. The aim of the present study was to assess the feasibility of 
providing additional proxy evidence for climate change using the highly-resolved 
lacustrine sediment record from the period encompassing the late Wisconsin Glacial 
Maximum between around 21 and 18 ka BP. Subfossil chironomid larval headcapsules 
were extracted and identified from the Lake Selina Mackereth sediment core used for 
pollen analyses from a period ranging from around 52 ka BP to about 3 ka BP. From 
this section of the Lake Selina record, around 29 Chironomidae species were recovered 
from 4,503 subfossil larval headcapsules. The Chironomidae assemblages were dynamic 
and responsive to climatic changes with species of the temperate taxon Stempellina and 
cold-stenotherm Podonomus most indicative of the transition from cool conditions 
during the Late Wisconsin Glacial Maximum to warmer/wetter conditions associated 
with expanding Nothofagus forests from about 14 ka BP to around 4 ka BP. 
Keywords: 
Introduction 
palaeolimnology, Chironomidae larval headcapsule analysis, late 
Quaternary, millennium scale trends, temperate glacial lake. 
Climate changes are a global feature that when observed over long time-scales, are 
cyclic resulting from Milankovitch oscillations occurring every 10-100 ka. The effects 
are associated with broad-scale shifts in species' geographical ranges, speciation rates, 
extent of generalisation of insect faunas, and dispersal (Bianchi et al, 1997; Coope, 
1978, 1995; Dynesius & Jansson, 2000; Levesque et al, 1993). The last three 
oscillations responsible for the Last Glacial Maximum (21 to 18 ka BP), Younger Dryas 
(11 to 10 ka BP), and Little Ice Age ( ~ 1250-1850 AD) have all been associated with 
dramatic shifts in the ranges of aquatic and terrestrial insects (Atkinson et al, 1987; 
Brooks, 1997; Brooks & Birks, 2000; Brooks et al, 1997; Coope, 1978, 1995; 
Parmesan et al, 1999; Porch & Elias, 2000). 
Long-term records of environmental change are therefore invaluable for increasing our 
understanding and perspective of global environmental trends, as well as how different 
species have responded across various spatial scales (e.g. Bradbury, 1999; Briffa, 2000; 
Cameron et al, 1993 ). The magnitudes of climatic changes that have occurred over the 
past 25 ka are of particular interest because they match predicted magnitudes of rapid 
warming modelled for the next few centuries (rev. Parmesan & Yohe, 2003; Pfister & 
Wanner, 2002). Thus the possibility of an anthropogenically-induced climate change of 
the order of between 1 to 2 °C has renewed ecological interest in similar past warming 
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events that have occurred during the late Quaternary and are sometimes recorded by 
highly resolved subfossil deposits preserved in lake sediments (Smol et al, 2001). Thus, 
late Quaternary records provide suitable contexts for testing models predicting biotic 
responses to global change and for developing ecological strategies for managing future 
changes whether these are naturally or anthropogenically induced (IPCC, 2001 ). 
Palaeoclimatic information can be derived from various archives including ice cores, 
tree rings, and sediment records from deep lakes (rev. Charles & Smol, 1994; Egan & 
Howell, 2001; Seppa & Birks, 2001; Walker et al, 1991). Such records are examined 
using both abiotic signatures like isotopes, sediment chemistry, and pigments or 
biological subfossil remains derived from terrestrial vegetation, aquatic invertebrates, or 
other sources (rev. Smol et al, 2001; Swetnam et al, 1999; Walker et al, 1991). These 
resources are used as an archive of independent proxy responses to environmental 
change with possibilities for generating reliable and comprehensive perspectives on the 
dynamics of former environments that may further assist with the identification of 
underlying assembly processes. 
This study focuses on Australian climate changes since the last deglaciation in the 
southwest of Tasmania where many lakes were formed by ice erosion and deposition. 
These sites have preserved a variety of organic-rich sedimentary sequences of Last 
Interglacial and Last Glacial Maximum (LGM) age, sometimes these have accumulated 
uninterrupted to the present day (e.g. Bradbury, 1986; Cameron et al, 1993; Colhoun, 
2000; Thomas & Hope, 1994). Until recently, most palaeoclimatic studies in this 
region have used palaeobotanical information, diatoms, and sedimentology to infer past 
climate change (Colhoun, 2000). Nevertheless these lacustrine records contain 
additional subfossil information including remains from benthic insect larvae that have 
been unexamined to date and are the subject of this research. 
Subfossil larval headcapsules from the speciose dipteran insect family Chironomidae 
(non-biting midges) have been used frequently with success to reconstruct 
palaeoclimates in the Northern Hemisphere and only recently to reconstruct past 
Australian environmental conditions (Broderson & Lindegaard, 1997; Brooks, 1996; 
Brooks & Birks, 2001; Dimitriadis & Cranston, 2001; Lotter et al, 1999; Olander et al, 
1999; Walker, 1995; Walker, 2001). Globally, the chironomid fauna of deep lakes 
apparently responds primarily to hypolimnetic oxygen depletion and food availability 
(closely linked with eutrophication) both of which are intimately related to air and 
water temperatures (rev. Broderson & Lindegaard, 1997; Clerk et al, 2000; Little & 
Smol, 2001 ). Thus pronounced shifts in the composition of chironomid faunas 
identified in surveys of larvae from multiple lakes across latitudinal and altitudinal 
climatic ecotones have been attributed to changes in these environmental variables and 
similar assemblage changes identified from subfossil assemblage shifts sampled through 
time at individual lakes situated at climatic ecotones (Brooks et al, 1997; Smith et al, 
1998). 
Lake Selina is located at such a climatic ecotone since it was positioned very close (~2.5 
km) to the maximal extent of the ice sheet during the late Wisconsin LGM and its 
catchment vegetation tracked the retreat of ice masses. The lake's sensitivity to 
climatic change is thus the result of close proximity to ice masses and shifts in 
temperature rather than precipitation (Cohoun, 2000). Thus in this palaeolimnological 
study, subfossil chironomid larval headcapsules preserved in Lake Selina's sediments are 
used to infer environmental changes before and after the Last Glacial Maximum 
identified at around 21 and 18 ka BP. Furthermore, the chironomid stratigraphy is used 
to compare patterns of assemblage development, and rates and magnitudes of biotic 
response with local vegetation as recorded by pollen from Lake Selina's sediments. 
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site and sediment-core processing regime 
A detailed description of the study area and sampling methods used for the extracted 
sediment-core has been published previously (Calhoun. Colhoun et al, 1999). 
Briefly, Lake Selina occurs at an of 516 m about 2.5 km beyond the 
moraines of the late Wisconsin ice limits near the village (Figure ). 
The lake occupies a small basin eroded in Ordovician Owen Conglomerate that forms 
the West Coast Range. The conglomerates have produced acid, nutrient-deficient 
podzol and peaty podzolic soils on catchment slopes. The surrounding vegetation is 
mostly patchy Nothofagus cunninghamii, temperate rainforest, and scrubby heath land. 
The vegetation fringing the lake is restricted to Eleocharis sphacelata in the southwest, 
and Restionaceae species in the west and north. Aquatics comprise mainly Juncus sp., 
Isoetes cunninghamii, Myriophyllum amphibium, Melatinoides, and Carex jluitans 
(Colhoun, 2000; Calhoun et al, 1999). 
The local climate is influenced by prevalent onshore westerly winds orographically 
uplifted by the mountains fringing western Tasmania and ensuring a humid climate that 
persists throughout the year (Bureau of Meterorology, 2002). Precipitation falls on 
about 230-240 days per year with over 3200 mm per yr and more than 100 mm falls in 
all months (Bureau of Meteorology, 2002). The precipitation has very low variability 
from year to year of around 15% and snow frequently occurs on the mountain ranges 
during winter months (Baines, 1990; Bureau of Meterology, 2002). The mean February 
air temperature (summer) is about 13.5 °C and in July (winter) around 5 °C. Cold air 
drainage, frosts, and fogs may also occur at any time of the year (Bureau of 
Meteorology, 2002). 
A 34 7 cm core of sediment was obtained from the centre of the lake under a water 
depth of 6.5 m using a 6 m Mackereth corer on the 13th January 1991 (Calhoun et al, 
1999). The Mackereth corer bottomed in hard, humate-and iron-cemented clay with a 
blocky angular structure, which presumably directly overlies moraine deposits or 
conglomerate. This was taken to be the base of the lake sediments where a depth of 50 
cm was assumed for the top of the long core. The following description of the 
stratigraphy is more fully described by Calhoun et al (1999). 
The upper core sediments consist of black-to-dark brown coloured, gelatinous, organic-
rich lake mud present from the surface to 132.5 cm. This mud is underlain by medium-
to-dark grey-coloured and markedly laminated, weakly organic silts extending to a depth 
of around 300 cm. From 300 to 352 cm, the deposits grade to very dark, grey-to-black 
organic silts that are weakly laminated in places. The basal horizons of the core, 
between 352 and 397 cm, consist of very dark brown-to-black massive organic silts. 
Dating of the sediments between 123-127 cm revealed that a date of 14.2 ka BP +/-
230 marks the commencement of organic-rich mud deposition (Calhoun et al, 1999). 
Ages of 18.2 ka BP +/- 200 and 18.9 ka BP +/- 220 were considered good estimates of 
the phase of maximum cold during the LGM and depths of around 230 cm were 
considered to be 33 .8 ka BP +/- 1100 (Calhoun et al, 1999). The oldest assay from 
294-296 cm was 52. lKa BP +/- 5800 and this corresponds to an age between 40.5 ka 
BP and 63.7 ka BP (Calhoun et al, 1999). Thus the results from this earlier study 
suggested that high rates of mineral input during the LGM due to erosion of the 
catchment probably occurred (Cohoun et al, 1999). 
For the present study of subfossil larval chironomid headcapsules, the core was re-
sampled at 10 to 15 cm intervals. Up to 2 ml sub-samples were weighed and then placed 
in distilled water. Samples were gently rinsed through a 60 µm sieve with the residue 
back-washed into a beaker using distilled water and then immediately sorted. The residue 
was sorted in a Bogorov counting tray or grid-marked Petrie dish under 25-50 times 
magnification with a Wild Heerbrugg M8 dissecting microscope. Chironomid 
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headcapsules were transferred to drops of water on a coverslip under 12 times 
magnification using #4 forceps. Coverslips containing approximately 20 headcapsules 
each were dried and mounted on glass slides using Euparal mounting medium in 
preparation for later identification. Remains were identified under 100-400 times 
magnification using an Olympus BH-2 compound microscope. Identifications were based 
on descriptions given in taxonomic keys and representative voucher specimens 
documented photographically (e.g. Cranston 1996; 2000). Most of the chironomids 
identified from Lake Selina were referrable to taxa described in the taxonomic keys and 
identification manuals. However there were several Tanytarsus species (van der Wulp) 
that could not be identified positively but were nevertheless distinct and imparted useful 
biological information derived from their presence or absence in the stratigraphic 
record. Each of these taxa including Tanytarsus sp. 1 - no spur, Tanytarsus sp. 2 - spur, 
Tanytarsus sp. 3 - thin spur, Tanytarsus sp. 4 - wide large spur were photographed 
(Appendix 1) ). Whole headcapsules and fragments greater than half were counted as 
one headcapsule. Identifications were mostly only possible to generic level and voucher 
specimen identifications were verified by Professor Peter Cranston. Taxa were 
separated into cold-water, warm-water, and eurythermic groupings based on current 
survey information of species distribution ranges (ANIC unpubl.; Bugledich et al, 1999; 
Cranston, 1996; McKie, 2001 ). 
Excel spreadsheets were used to compile chironomid raw abundance data from the 
subfossil midge counts, plot species accumulation curves, and to calculate percentages 
before generating bio-stratigraphic relative abundance diagrams with PanPlot (PanPiot, 
2002). S-Plus ver. 6 and GraphPad Prism were used to identify stratigraphic zones from 
cluster analyses and explore the correlation between core intervals (Insightful, 2000; 
Motulsky, 1999). Primer ver. 5 and Estimates ver. 5.0 was used to compute estimators 
of species richness or diversity indices (ACE, ICE, Chao 1, Chao 2, Jacknife, Bootstrap, 
Michaelis-Menten, Cole, Alpha, Shannon, Simpson), complementarity indices (Jaccard, 
Sorensen Incidence., Sorensen Abundance, Morisita-Horn), and to randomised species 
accumulation curves for comparison with the subfossil assemblage patterns (rev. Clarke 
& Gorley, 2001; Colwell, 1997). The validity of diversity indices was examined with 
respect to the changing sedimentation rates observed between sampling intervals. 
Canonical correspondence analyses (CCA), and regression analyses for both the 
environmental and species data were performed to evaluate correspondence between 
different datasets and to examine major changes in chironomid assemblages between 
intervals in the core (Insightful, 2000; Legendre, 1998). 
Findings & Discussion 
The number of 3rd and 4th instar headcapsules per sample ranged from nil to 560 with a 
mean of 173 subfossils recovered at each stratigraphic interval (Fig. 2). The total 
number of chironomid taxa identified from the Lake Selina sediment record was 29 
taxa. Figure 3 illustrates headcapsule counts for each taxon, as a percentage of the total 
number of identifiable chironomid headcapsules occurring in each sampling interval. 
This was consistent with an expected lentic chironomid diversity typical of many 
Australian and some Tasmanian waterbodies, although information is limited for 
Tasmania (ANIC unpubl.; Tasmanian National Parks and Wildlife Service, 1979; 
Bugledich et al, 1999; Cranston, 2000; McKie, 2001; Leonard & Timms, 1973). Where 
sufficient ecological information was available, chironomid taxa were classified into 
warm-associated and cold-associated taxa according to modern survey information and 
known distributions. Reference to some Tasmanian species was difficult because the 
chironomid fauna has not been fully surveyed and some of the subfossils represented 
new records of occurrence in Australia (e.g. Genus ?Pseudosmittia). The orthoclad 
Pseudosmittia is cool-adapted and is associated with semi-terrestrial environments in 
the southern hemisphere (e.g. Verschuren et al, 1996). This lack of information on the 
contemporary ecology of Tasmanian Chironomidae hampered the identification of 
autochthonous and allochthonous components of subfossil assemblages and assessment 
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of the influence of various palaeoenvironments. Nevertheless, some taphonomic 
influences were likely to be active since the species richness increased towards the top 
of the core where zone 1, 3 and 6 had the most abundant assemblages dominated by 
Orthocladiinae (Fig. 2, 3). 
The chironomid subfossil record extracted from Lake Selina was divided into 8 zones 
with zones above and below ~18.5 ka BP most prominent as determined by Estimates 
ver 5.0, Graphpad Prism correlations, and S-Plus cluster analyses (Appendix 2a-b, 3). 
Canonical correspondence analysis was used also to determine relations between 
chironomid species distributions and stratigraphically determined features like organic 
content of the sediments, palaeomagnetic intensity, and radiocarbon age/sediment depth 
as described in work by Calhoun et al (1999). Palaeomagnetic intensity and sediment 
age explained 3 5% of the sub fossil faunal distribution, while sediment qualities such as 
the % abundance of organic matter explained 6 % of the total variance on the second 
axis. The canonical eigenvalues for the 1st and 2nd axes were 0.60 and 0.11, 
respectively. These variables explained 0. 76 of the total inertia within the fauna data 
set. 
The theoretical species distribution model that best fit the data from the Selina core was 
the geometric abundance model followed by the log series and the log normal model was 
also a reasonable fit, though less significant (Fig. 5a-c). Hierarchical cluster analysis 
using Bray-Curtis similarities with log (x+ 1) transformation and group-average linking 
in Q-mode revealed at least 4 groups at around 30% similarity. The samples at 25 ka 
and 32.5 ka formed two separate terminals, while 29, 34, and 41 ka formed another 
cluster (Fig. 6a-6b ). Analysing the same data matrix in R-mode revealed at least 6 
groups of taxa at around 30% similarity with Cladopelma curtivata and 
Paracladopelma sp. nr Ml identified as distinctly differently behaving taxa. 
The diversity of chironomids recovered from the Lake Selina sediment record was 
related to the benthic lentic, littoral lentic and lotic associations of the taxa. Thus the 
estimated and sampled subfossil species richness was derived from several habitats and 
was between 20 and 30 species (Fig. 4). Whilst the dynamics of chironomid assemblages 
from the late Pleistocene to the mid-Holocene were apparent in the Panplot diagrams 
of raw and percent relative abundance, these trends were not always statistically 
significant. Zones 4 to 5, 3 to 4, and 1 to 2 were not statistically significant according 
to either Pearson or Spearman correlation tests and this high complementarity was also 
reflected by various indices of similarity (Appendix 1, 2). 
Zone Selina-8 (270-228cm, 47.0-33.8 ka BP) 
Zone 8 is characterised by Chironomus sp. occuring at around 5 to 14%, 
Cryptochironomus sp. at around 5 to 15%, and Stempellina sp. that is present at 
concentrations approaching that of the uppermost section of zone 1 (Fig. 3). In this 
zone, Stempellina sp. reaches between 3 to 39% of the assemblage composition. Of the 
subfamily Orthocladiinae, Cricotopus sp. nr brevicornis occurs between 7 to 33%, while 
Genus ?Pseudosmittia is present at concentrations of between 4 to 33%. Podonomus 
sp. occurs at concentrations of up to 33% near the top of this zone. Members of the 
subfamily Tanypodinae maintain similar concentrations with Paramerina sp. making up 
between 5 to 43% and Procladius sp. around 5% of the assemblage. 
The chironomid assemblage of zone 8 suggests temperate to occasionally cool 
conditions indicated by the presence of Podonomus sp. This taxon is typical of alpine 
streams and has been collected in the cool waters of Kosciuszko National Park in New 
South Wales (Bugledich et al, 1999; Cranston, 2000). The autecology of Podonomus 
sp. suggests that some shallow-water or stream-derived material may be transported into 
the lake. This is further supported by the presence of Genus nr Gymnometriocnemus 
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that is a stream-dwelling wood-miner (McKie, 2001). Genus nr Paralimnophyes is 
another taxon associated with cool, pristine streams and peaty waters. 
The strong influence of littoral habitats with reasonable sedimentation rates was 
reflected by the presence of Stempellina sp. that is associated with coarser, organic-rich 
substrates amongst higher energy environments of sediment deposition. 
Paracladopelma sp. nr 'Ml' is also indicative of coarser clean-sandy substrates but is 
predominantly a spring to early summer species. Nanocladius sp. may also be present in 
littoral environments but this taxon prefers fine sediments and has broad thermal 
tolerances. 
The profundal habitat appears to have been available for several eurythermic taxa 
including Chironomus and Procladius species that are typical of deeper lake waters. 
Cladopelma curtivalva is also a common benthic inhabitant of ultraoligotrophic lakes. 
Other eurythermic lentic species present in the assemblage included Cryptochironomus 
sp. and the tanypods Coelopynia pruinosa, Paramerina and Procladius species. 
There were several taxa in the assemblage with unresolved taxonomic status and 
unknown environmental associations. For example, Paratanytarsus sp., Genus nr 
Paralimnophyes, Genus ? Pseudosmittia (a new record in Australia), Thienemaniella sp., 
Paramerina sp., and the unresolved Pentaneurini. 
Chironomid zone 8 corresponds to Lake Selina pollen zones LS 6 (270-235 cm) and LS 
7 (235-170 cm) associated with wet Nothofagus, Phyllocladus forest, treefern and 
mesic tree pollen types that shift towards more herbaceous taxa during isotope stages 4 
to 3 of the glacial stadia! and cool-to-cold interstadial (Colhoun et al, 1999; Colhoun, 
2000). This time period is associated with high lake levels elsewhere in Australia such as 
at Lake George and the Willandra Lakes (rev. Chappell, 1991). The pollen transition at 
235 cm was also associated with some variation in the subfossil chironomid assemblages 
with an increase in Chironomus sp. and decrease in Stempellina sp. (Fig, 2, 3). 
Zone Selina-7 (228-214 cm, 33.8 to 31.0 ka BP) 
Chironomus sp., Cricotopus sp. nr brevicornis, Paramerina sp., and Procladius sp. 
make up to 23%, 15%, 18% and 20% of the fauna, respectively in this zone. 
Headcapsule concentrations decline dramatically towards the latter half of this zone 
with a drop from around 200 to 2 per 2 mis at around 32.0 ka BP. This assemblage 
represents a period of lower chironomid productivity and poorer preservation of 
subfossils in the lake. This may have resulted from more frequent mechanical 
destruction from sediment mixing or higher rates of sediment deposition. This zone 
corresponds to Lake Selina pollen zone LS7 (235-170 cm) associated with a small peak 
in Nothofagus and an increase in herbaceous and grassland taxa during a cool-to-cold 
interstadial (Colhoun, 2000). This time period is associated with a drop in lake levels 
across Australia and a general warming of the climate (rev. Chappell, 1991). 
Zone Selina-6 (214-200 cm, 31.0 to 29.0 ka BP) 
The assemblage composition of this zone is dominated by Chironomus sp., making up 
to 30 to70% of the fauna and probably reflecting a shift towards more temperate 
conditions with higher productivity and/or water levels in the lake. The orthoclad 
Cricotopus nr brevicornis occurs at around 6 to 18% while the tanypods Paramerina sp. 
and Procladius sp. make up between 2 to 26% and 6 to 14%, respectively. The 
headcapsule concentrations in this zone range from 200 to 450 per 2 mis. This 
chironomid assemblage indicates temperate environmental conditions where there is less 
fauna! association with littoral and lotic environments. This zone corresponds to Lake 
Selina pollen zone LS 7 (235-170 cm) associated with a strong peak in Lagarostrobus 
pollen and a marked presence of herbland and grassland (Colhoun et al, 1999; Colhoun, 
2000). 
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Figure 4. Chironomidae species accumulation curves for subfossil samples from Lake 
Selina. Species observations represent the actual diversity curve as sampled, ACE is a 
nonparametric abundance-based coverage estimator of species richness, ICE is an 
incidence-based coverage estimator of species richness, Chao 1 is is a nonparametric 
estimator of species richness that uses abundance information, Chao 2 is like Chao 1 but 
uses incidence information, Jackknife 1 and Jackknife 2 are simple cross-validation 
estimators also know as leave-one-out, Bootstrap is a richness estimator, Michaelis 
Menten-runs and Michaelis Menten Mean are based on an enyzme kinetics species 
richness estimator, Coleman richness is the expected species accumulation curve based 
on random placement, Fisher's alpha is an estimate that emphasises rare species and 
richness, Shannon-Weiner's H' emphasises evenness, and Simpson's is based on 
dominant species (see Glossary for more complete explanations). 
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Geometric abundance model for Selina core. K = 0.08, p = 0.00 
3 ........ ·: ......... : ...... ···: ...... ···:· ....... ·:· 
. . . . 
o~~ ~ 
·····Ci-.. : 
I ··~·-- I 
: ~···· : I I 2 ·········;········• ;··u·····;·········:·········;· 
0 I ••• I I 
: . ··: 
.... 
: ~·· __ : 
: ~: 
. . .. 
: : : :'e... : 
.................. : ............... ": .................. : .............. .... : .. -••-.- ...... : .. 
: .. '~ 
. ' 
. : 
20 30 40 50 
Rank 
h~. <5°\o 
Log series abundance model for Selina core. a= 7.67, x = 0.99, p = 0.00 
(]) 
u 
c: 
<U 
u 
c: 
::l 
~ 
~ 
4 .........•......... : ....... - .......... ·: ..... ·- .. :. 
. . 
. . 
. . 
. ' 
3 \.······T· .. ·····~··--·····1········T·--···--~· 
o••~ ~. : : : : ~~······ t I t I .,.,~ •••••• I I I 2 .............. r ........ , .............. r .................. , .................. ,. : : ...... : : 
o I •••• I I 
. ~· ..... . 
0 I I ••• I 
. . . t• ' 
·········~·········~·········K·:·!·······~-
~ ~ i -~ ··.~ 
0 ·········i·········f·········i·········f····~· 
20 30 40 50 
Rank 
241 
Chapter 6. Lake Selina 
l="°t'O , 5L . 
Log normal abundance model for Selina core. Mean= 1.73, Variance= 0.35, p = 0.07. 
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Selina Q-mode hierarchical cluster using Bray-Curtis similarities with log (x+ I) 
transformation, sample at 44,000 yr removed due to zero values. -P~ 
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Zone Selina-5 cm, 29.0 to 25.0 ka BP) 
headcapsule concentrations decline in this zone to between 140 to 10 per 2 
samples and this may represent either a decline in lake productivity or preservation 
of Of the subfamily Chironominae, Chironomus sp. and 
sp. 2 make up around 39% and 25% of assemblage, respectively. While of 
Orthocladiinae, Cricotopus nr brevicornis, Parakie.fferiella sp., and Parakie.fferiella sp. 2 
comprise up to 16%, 40%, and 40% of the assemblage, respectively. This chironomid 
assemblage indicates temperate conditions but preservation was patchy and associated 
with more organic-rich sediments. This zone corresponds to pollen zone LS 7 (235-170 
cm) in the cool-to-cold interstadial when vegetation was predominantly herbland and 
grassland (Calhoun, 2000). This period is characterised by the low lake levels and warm 
temperatures elsewhere in Australia (rev. Chappell, 1991). 
Zone Selina-4 (186-179 cm, 25.0 to 24.0 ka BP) 
The lowest headcapsule concentrations characterise this part of the core. A few robust 
headcapsules from Tanytarsus sp. make up around 20% of the assemblage while the 
remainder were from poorly preserved remains from the Pentaneurini that made up 
80% of the fauna. This part of the core represents a period that approaches the Last 
Glacial Maximum that is generally reflected in most records by a peak in cool 
conditions between 21 to 18 ka BP. The chironomid assemblage present in this zone 
could indicate a sudden change in conditions with unfavourable conditions for 
chironomids in the lake coupled with poorer conditions for preservation of chironomid 
subfossils associated with increasing rates of sedimentation. This chironomid zone 
corresponds to pollen zone LS7 (235-170 cm) in the cool-to-cold interstadial (Calhoun 
et al, 1999; Calhoun, 2000). The period around 24 ka BP is defined as the end of wet 
conditions and the transition to a drier climate elsewhere in Australia (rev. Harrison, 
1993). 
Zone Selina-3 (179-158 cm, 24.0 to 18.6 ka BP) 
Headcapsule concentrations are variable in this zone, ranging from around I 000 to I 00 
per 2 mis with the highest concentrations in the middle period of this zone. 
Chironomus sp. was present at a concentration of between 10 to 52% of the 
assemblage. Cricotopus nr brevicornis was present at between 13 to 32% while 
Parakie.fferiella sp. 2 comprised between 5-16% of the assemblage. The cold indicator 
Podonomus sp. gradually declined in concentration toward the latter half of the zone 
comprising 10 to 2% of the assemblage. 
This chironomid assemblage was characterised by the strong presence of Orthocladiinae 
indicating cooler and shallower conditions and decline in stream-dwelling fauna such as 
Podonomus sp. The most transitional conditions immediately precede this zone with 
the disappearance of most taxa at Zone 4. Conditions appeared to gradually become 
more temperate towards the latter half of this zone with the appearance of Chironomus 
sp. that is also indicative of deep lake waters or a profundal habitat. 
This zone corresponds to pollen zone LS 8 (170-125 cm) associated with a strong 
increase in herb pollen (Calhoun et al, 1999; Calhoun, 2000). This period is also 
associated with the Last Glacial Maximum when cool conditions are usually associated 
with a peak at around 18.9 ka BP. The strong shift in chironomid assemblage 
composition and abundance associated with around 19 ka BP at Lake Selina corresponds 
with other chironomid subfossil records dating from 40 ka BP of environmental change 
that register drier conditions between 25 to 15 ka BP in a region near Lake Tanganyika 
in central East Africa (Verschuren et al, 1996). Pollen, chironomid, and cladoceran 
remains from East Africa indicated the local existence of drier conditions and lowered 
water levels between 26 and 13 ka BP whereas at Lake Selina the onset of drier 
shallower conditions began at around 19 ka BP (Fig. 3). Coincidental with this change 
was a marked decrease in the influence of stream-dwelling species probably associated 
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with a decrease in catchment runoff. From 24 to 20 BP conditions are 
considered to be dry according to lake-level reconstructions using other from 
elsewhere Australia (Harrison, 1993). 
Zone cm, 18.6 to 18.2 ka 
This zone represents the most obvious assemblage shift and is characterised by 
Cricotopus nr brevicornis, Genus nr Paralimnophyes, Parakiefferiella sp., 
Parakiefferiella sp. 2, Coelopynia pruinosa, and Paramerina sp. that comprise around 
48%, 4%, 5%, 4%, 14%, and 4% of the assemblage, respectively. Paratanytarsus sp., 
Tanytarsus species make up around 2% and 6% of the assemblage, respectively. This 
zone is indicative of temperate conditions with the development of an assemblage more 
typical of littoral environments including Cricotopus sp., Genus nr Paralimnophyes, 
Parakiefferiella sp., and Parakiefferiella sp. 2. This zone corresponds to pollen zone 
LS8 (170-125 cm) characterised by abundant herb pollen during the glacial stadial of the 
Last Glacial Maximum (Colhoun et al, 1999; Colhoun, 2000). This period is 
characterised by the lowest lake levels since 40 ka BP and cool temperatures elsewhere 
in Australia (rev. Chappell, 1991). 
Zone Selina-1 (145-80 cm, 18.2 to 4 ka BP) 
Headcapsule concentrations increase in this zone to about 600 per 2 mls associated with 
the most diverse assemblage from the core. The taxon Stempellina sp. again becomes 
dominant as with chironomid zone 8 and attains its highest concentration in the core 
with a presence ranging from between 20-60% of the fauna. Other members of the 
subfamily Chironominae present in the zone include Tanytarsus species that make up 
between 1-10% and Polypedilum nr 'Ml' that had a concentration of between 5-12%. 
Of the subfamily Orthocladiinae, Cricotopus nr brevicornis, Genus nr Paralimnophyes, 
Parakiefferiella sp., and Parakiefferiella sp. 2 made up to 10%, 10%, from 10-20%, and 
up to 10% of the assemblage, respectively. Of the Tanypodinae, Coelopynia pruinosa 
was present with a concentration of around 10%. 
This zone is indicative of quite variable conditions, particularly during the late-glacial-
Holocene transition as indicated by the cold-associated species of? Pseudosmittia and 
Podonomus. These taxa are typical of alpine lakes and streams where waters are cold 
and oxygen saturated. This variability is overlain by a generally temperate climate as 
suggested by the continuous presence of Cladopelma sp., Dicrotendipes sp., 
Polypedilum nr Ml, Tanytarsus species, Coelopynia pruinosa, and the return of 
Stempellina sp. The absence of Chironomus sp. in the latter half of this zone and 
Procladius sp. appears to indicate that profundal habitats disappeared and that 
shallower, littoral environments were more dominant. This is supported by a generally 
increased diversity and abundance of Orthocladiinae, including taxa such as Cricotopus 
sp., Genus nr Paralimnophyes, Parakiefferiella sp., and Parakiefferiella sp. 2. 
This zone corresponds to pollen zones LS8 (170-125 cm), LS9 (125-105 cm), and 
LS 10 (105-70 cm) associated with herb pollen from the glacial stadia! of the Last 
Glacial Maximum followed by an increase in rainforest taxa and then strong 
representation of Phyllocladus and Nothofagus pollen under conditions that were 
possibly warmer than those that presently occur at Lake Selina (Colhoun et al, 1999; 
Colhoun, 2000). The presence and absence of Stempellina sp. matches the presence and 
absence pattern of rainforest species like Nothofagus, Phyllocladus which may reflect 
ashift in runoff patterns in the catchment perhaps to shallower and more turbid, well-
mixed conditions in the lake. The sediments in this zone consist of dark, gelatinous 
organic-rich lake mud to around 14.2 ka BP and a core depth of about 130 cm (Colhoun 
et al, 1999). Below this, sediments were laminated organic silts and this appears to 
confirm the shift from deeper to shallower conditions. The period of maximum wet 
conditions is frequently indicated to be around 7 ka BP according to other Australian 
records, although there is other evidence that the period between 7.6 to 5.5 ka BP was a 
246 
Chapter 6. Lake Selina 
Sophia Dimitriadis 
period of reduced wind strength and fewer storms (e.g. Harrison, 1993; Stanley & De 
Deckker, 2002). 
Conclusions 
The chironomid assemblages of Lake Selina closely reflect shifts in water level that are 
consistent with results from other Australian lake records using alternative 
environmental proxies (rev. Chappell, 1991; Harrison, 1993). These dry and wet 
intervals are similarly reflected in both aquatic environments as responses amongst 
larval chironomid assemblages and in terrestrial environments as shifts in pollen 
records. For example, the presence of Nothofagus forest and chironomid taxa such as 
Stempellina sp. and Genus nr Paralimnophyes appear to be closely associated. 
Nothofagus forest occurs on well-drained sites of high nutrient status while the 
chironomid assemblage associated with these periods are stream-dwelling taxa, species 
associated with high sedimentation rates and organic rich substrates. There was a similar 
correspondence between the grassland vegetation and Chironomus sp. associated 
assemblages, although the aquatic chironomid fauna reflected a shift towards the 
dominance of deeper profundal habitats while the terrestrial environment was associated 
with a shift in tree-line, less sheltered conditions and open grassland. 
In patterns very similar to the climatic response of the pollen record, chironomid 
assemblages showed evidence for cyclical responses where Stempellina-dominated 
assemblages persisted until about 34 ka BP that were then replaced by Chironomus-
dominated assemblages between 34 to 19 ka BP. This chironomid assemblage was later 
replaced by a Stempellina-dominated assemblage which persisted until around 4 ka BP. 
However, as with the response of the pollen record, the second Stempellina-dominated 
assemblage was distinctly different from pervious assemblages. For example, Eucryptia 
and Eucalyptus pollen was present at the later stage and similarly, Coelopynia, Riethia, 
Polypedilum nr Ml, and Dicrotendipes sp. were present only in the later chironomid 
assemblages. Thus the Lake Selina record represents an ecological replacement of 
chironomid assemblages in which taxa succeed one another in response to 
environmental changes. This is distinct from ecological succession defined as the 
orderly process of assemblage change through time within an unchanging environment. 
The strong correlation between pollen and chironomid assemblage patterns was 
however, not an exact match because the Chironomidae registered environmental 
changes ahead of vegetation as reflected in the pollen record and some important 
chironomid assemblage shifts occurred within pollen zones. These shifts appear to 
closely reflect climatic changes in temperature and stream influence apparently 
resulting from changing precipitation patterns and runoff in the catchment. 
Fauna! responses with a magnitude of change similar to that observed between zones 3 
and 2 are predicted to occur if global climate continues to warm and approach changes 
that occurred over the past 25 ka at Lake Selina. The fauna! changes that occurred from 
4 ka BP up to the present day would yield further information about the evolution of 
the present environment however the indicator value of the larval chironomid 
responses to changes at Lake Selina is weakened by taphonomic effects relating to the 
influx of lotic subfossil headcapsules. The poor preservation of some headcapsules at 
some intervals in the sediment record is another difficulty and as with other subfossils, 
the calibration of information is limited in part by a lack of knowledge of the 
relationship between modern species and environmental factors strongly influencing 
distributions, particularly the effects of extreme conditions (e.g. Kirkpatrick & Tyler, 
1988; Markgraf et al, 1986; Seppala, 2001). Thus the interpretation of subfossil 
chironomid records would greatly benefit from further work on the autecology of 
Tasmanian chironomid larvae and more general inventories of Tasmanian aquatic fauna 
(e.g. Atkinson, 1991). 
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Appendix la. Select subfossil larval Chironomidae headcapsules from the late Quaternary 
sediments of Lake Selina, Tasmania, Australia. 1. Chironomus sp., 2. Chironomus sp. 2, 
3. Cladopelma curtivalva, 4. Dicrotendipes sp., 5. Parachironomus sp., 6. Polypedilum sp. n 
'Ml', 7. Riethia sp., 8. Paratanytarsus sp., 9. Stempellina sp., 10. Tanytarsus sp. no spur, 
11. Tanytarsus sp. with spur, 12. Tanytarsus sp. with thin spur. 
Photographed by Sophia Dimitriadis. 
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Appendix 1 b. Select subfossil larval Chironomidae headcapsules from the late 
Quaternary sediments of Lake Selina, Tasmania, Australia. 13. Tanytarsus sp. wide, 
14. Cricotopus sp. nr brevicornis, 15. Genus nr Gymnometriocnemus, 16. Genus nr 
Paralimnophyes, 17. Nanocladius sp., 18. Parakiejferiella sp., 19. Podonomus sp., 
20. Procladius sp. Photographed by Sophia Dimitriadis. 
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Appendix 2a. 
Samples Species Individuals Fisher's 
(date) richness alpha 
4000 17 210 4.3 
6000 16 140 4.6 
8000 14 185 3.5 
14000 16 555 3.0 
16000 18 571 3.5 
18250 15 623 2.7 
18600 20 168 5.9 
18900 13 103 3.9 
23000 16 1027 2.6 
24000 8 120 1.9 
25000 2 5 1.2 
27000 10 140 2.4 
29000 4 IO 2.4 
30000 13 455 2.4 
31000 11 205 2.4 
32500 1 2 0.7 
33800 13 206 3.0 
34000 3 3 0.0 
35000 8 23 4.3 
39000 9 57 3.0 
41000 7 13 6.1 
44000 0 0 0.0 
47000 7 41 2.4 
Shannon Simpson 
diversity 
2.2 8.7 
2.2 8.6 
2.0 8.3 
1.4 5.9 
1.7 6.8 
1.7 6.8 
2.0 7.4 
2.3 8.9 
1.2 6.0 
1.6 7.7 
0.5 4.0 
1.6 7.4 
I.I 7.3 
l.2 5.0 
1.7 7.8 
0.0 0.0 
1.9 8.3 
1.0 LO 
1.6 7.9 
2.0 8.6 
1.6 7.9 
0.0 0.0 
1.4 7.0 
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Evenness Margalef 
diversity 
0.8 2.9 
0.8 3.0 
0.7 2.4 
0.5 2.3 
0.5 2.6 
0.6 2.1 
0.6 3.7 
0.9 2.5 
0.4 2.l 
0.7 1.4 
0.7 0.6 
0.6 1.8 
0.8 l.3 
0.4 1.9 
0.7 1.8 
o.o o.o 
0.7 2.2 
l.O l.8 
0.8 2.2 
0.9 l.9 
0.8 2.3 
0.0 0.0 
0.7 1.6 
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IS am oles Jacki Jacki SD Jack2 Bootstrap MMRuns MMMean Cole Cole SD 
I 25.5 8.5 25.5 21.25 0 0 2l.4e 1.46 
2 20 1.15 18.5 19.44 13.6 13.6 22.81 '1.42 
3 23.75 1.44 25.25 21.82 17.67 17.67 23.74 1.4 
4 26 l.26 26.75 24.04 20.98 20.98 24.4~ 1.38 
5 26.5 l.71 24.23 25.72 23.91 23.91 25.04 1.36 
6 28.43 1.78 27.71 26.97 25.73 25.73 25.55 1.32 
7 26.75 1.75 25.68 26.19 26.43 26.43 25.98 1.29 
8 28.67 1.89 29.64 27.36 27.21 27.21 26.31 1.24 
9 30.6 1.99 32.38 28.66 28.03 28.03 26.72 l.2 
JO 29.73 1.41 29.97 28.43 28.47 28.47 27.03 1.14 
11 29.75 1.44 29.98 28.45 28.7 28.7 27.31 1.08 ,___. 
12 33.62 2.16 35.52 31.16 29.41 29.41 27.56 1.02 
13 33.64 2.2 35.55 31.!7 29.89 29.89 27.7\ 0.95 
14 31.8 1.5 30.38 30.7 30.21 30.21 27.99 0.88 
15 31.81 1.51 31.17 30.63 30.43 30.43 28.18 0.81 
16 31.82 1.52 31.16 30.63 30.51 30.57 28.34 0.74 
17 31.83 1.54 31.15 30.61 30.61 30.67 28.48 0.66 
18 31.84 1.55 31.15 30.62 30.73 30.73 28.61 0.58 
19 31.85 1.56 31.14 30.62 30.76 30.76 28.72 0.5 
20 31.86 1.56 3 l.13 30.62 30.78 30.78 28.81 0.42 ,____..... 
21 31.86 1.57 31.13 30.62 30.79 30.79 28.89 0.32 
22 31.87 1.58 31.12 30.63 30.78 30.78 28.95 0.22 
23 31.88 1.59 31.12 30.63 30.71 30.77 29 0 
'.2b.c..ri. 
ACE ICE Chao! Chao! SD Chao2 Chao2 SD 
25.42 161.5 22.63 17.14 161.5 0 
18.66 20.1 18.02 0.44 18.19 0.65 
23.52 23.42 20.66 1.77 22.66 4.88 
23.21 25.17 22.14 0.68 23.74 2.96 
24.86 25.57 24.16 0.76 24.35 LOI 
25.89 27.24 25.19 0.87 25.9 1.85 
26.03 25.85 25.75 3.74 25.24 1.03 
27.09 27.29 26.44 1.87 27.17 3.4 
28.24 28.78 27.31 1.31 29.22 5.29 
27.57 28.22 27.02 0.44 27.84 2.29 
27.57 28.21 27.02 0.44 27.84 2.29 
29.63 31.49 29.01 0.38 31.66 4.88 
29.67 31.48 29.01 0.38 31.66 4.88 
29.65 30.32 29.02 0.44 29.54 1.46 
29.65 30.33 29.02 0.44 29.66 1.77 
29.65 30.32 29.02 0.44 29.66 1.77 
29.38 30.38 29.02 0.44 29.66 1.77 
29.38 30.44 29.02 0.44 29.66 1.77 
29.38 30.49 29.02 0.44 29.66 1.77 
29.38 30.58 29.02 0.44 29.66 1.77 
29.38 30.6 29.02 0.44 29.66 1.77 
29.38 30.6 29.02 0.44 29.66 1.77 
29.38 30.58 29.02 0.44 29.66 1.77 
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Appendix 3. Correlation between core intervals according to Prism analyses and comparisons 
between analyses assuming gaussian species distributions (Pearson) and Spearman 
nonparametric assumptions. Depth pairs that were not identified to be significant according to 
either method are marked with an asterisk. 
Core depth Pearson or 95% confidence Two-tailed p value, 
zone based on Spearmanr. intervals or r. significance. 
species 
presence and 
absence. 
Pearson 
Z1 & Z2* 0.0226 -0.3468 to 0.3861 Q.9070 not signif. 
Z2 &Z3 0.4610 0.1136 to 0.7079 0.0118 sianif. 
Z3 & Z4* -0.0717 -0.4271 to 0.3028 0.7116 not sianif. 
Z4 & ZS* -0.0244 -0.3876 to 0.3452 0.8999 not signif. 
ZS &Z6 0.0254 -0.3444 to 0.3884 0.89S9 not signif. 
Z6& Z7 O.SS09 0.2310 to 0.7634 0.0020 sianif. 
Z7 &ZS 0.4883 0.1482 to 0.72S 1 0.0072 sianif. 
Spearman 
Z1 & Z2* 0.3200 -0.0641 to 0.621 S 0.0906 not sianif. 
Z2 &Z3 0.4387 0.07 45 to 0.6995 0.0173 sianif. 
Z3 & Z4* -0.273S -0.5892 to 0.114 7 0.1 S 12 not signif. 
Z4 & ZS* 0.0541 -0.3290 to 0.4219 0.780S not sionif. 
ZS & Z6 0.4453 0.0827 to 0.7037 0.01 SS sianif. 
Z6& Z? 0.3711 -0.0061 to 0.6SS9 0.047S signif. 
Z? & ZS 0.4098 0.0395 to 0.6811 0.0273 sianif. 
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Emergence of theory and evidence for late Quaternary assembly of ecological 
and palaeoecological patterns amongst estuarine and freshwater eastern 
Australian Chironomidae (Insecta: Diptera: non-biting midges) larvae. 
Evaluating larval Australian chironomid species relative abundance patterns in 
estuarine, fresh, lentic and lotic environments - the dynamics of diversity at ecotones. 
Species relative abundance distributions are defined as patterns resulting from an 
assemblage of closely related species that may belong to a single higher taxon 
containing several trophic groups, such as the family Chironomidae, from a specific 
ecosystem (e.g. Armitage et al, 1995; Hubbell, 2001; Tokeshi, 1993). The 
Chironomidae are holometabolous insects that have an abrupt ontogenetic niche shift 
between at least two distinct ecosystems during the course of their development from 
immature larvae inhabiting mostly aquatic ecosystems through to aerial adults inhabiting 
terrestrial ecosystems (Armitage et al, 1995). 
As adults, the Chironomidae are rapid and efficient dispersers and there appear to be few 
significant barriers to their movement along the eastern Australian margin (e.g. 
Dimitriadis & Cranston, 200 I). The length of time individuals spend in terrestrial 
environments as adults is short however and directed towards successful swarming, 
mating and oviposition (Armitage et al, 1995). The larval stage is the longest-lived 
stage of the life-cycle that usually takes place within temporary pools, lake basins or 
river catchments where boundaries with terrestrial environments are usually distinct 
(Armitage et al, 1995). Thus the behaviour of egg-laying adults and their active 
selection of oviposition sites are strongly reflected in the distributions of larval 
chironomids and their seasonal dynamics (e.g. Meadows & Campbell, 1972). This thesis 
focussed on the distribution of eastern Australian larval chironomid assemblages in 
estuaries and freshwater lakes and identified patterns of diversity and dynamics amongst 
late Quaternary assemblages. 
Contemporary ecological diversity patterns amongst larval eastern Australian 
Chironomidae 
The diversity of the eastern Australian Chironomidae assemblages from freshwater 
ecosystems was compared with estimates of global lentic and lotic Chironomidae 
diversity of around 10,000 species, and local Australian diversity estimated to be 
between 8 to 30 species per lake and 40 to 59 species per stream from an estimated 
regional species pool of between 110 to 158 species (Bugledich et al, 1999; Cranston, 
2000; Saether et al, 2000). Compared with the diversity of chironomid larval 
assemblages in the northern hemisphere, the Australian freshwater lotic assemblages are 
characteristically impoverished and Jess responsive to seasonal and annual changes 
through time (e.g. Bunn & Davies, 1990; McKie & Cranston, 2001 ). By contrast, the 
species richness of Australia's fresh Jentic habitats is more comparable to northern 
hemisphere lakes, more sensitive to environmental changes and with greater seasonality 
in emergence than lotic assemblages (e.g. Wright & Cranston, 2000). On the other 
hand, Australia's athalassic Jentic fauna is much more depauperate than Australia's fresh 
lentic fauna (e.g. Williams, 1998). 
The diversity of Australian lentic and lotic Chironomidae from thalassic ecosystems has 
been less well studied and there was particularly limited information available on the 
Australian chironomid fauna of coastal lagoons and estuaries along the Southeast Coast 
such that comparisons with the northern hemisphere were not be made (but see 
Moverley & Hirst, 1999; Timms, 1997; Timms, 2001; Wright & Cranston, 2000). In 
the estuarine Lake of Wyara in Queensland, Chironomus, Cryptochironomus 
griseidorsum, Dicrotendipes sp., Polypedilum nubifer, Procladius sp., and 
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Paratanytarsus sp. were associated with salinities of 2.2-12.8, 0.1-1.8, 0.1-3.2, 0.1-3.2, 
3.5-22.6, and 2.1-55.5 g/L-1 of sodium chloride, respectively (Timms, 2001). Thus, 
early indications from such studies were that Chironomidae occurred in fully estuarine 
habitats but most surveys recorded their presence only at taxonomic levels above 
species or genus, as presence/absence data or diversity indices. Much more detailed 
information from other regions was required that could be analysed as graphical rank-
abundance plots controlling for variable sample size and scaling effects (e.g. Colwell & 
Coddington, 1994; Gotelli & Colwell, 2001; Mouillot et al, 2000a, b ). 
This thesis has shown that the diversity of brackish chironomid larval assemblages from 
Australian thalassic lotic environments is somewhat comparable to assemblages found in 
coastal lakes in the northern hemisphere. Estimates of larval chironomid diversity in 
these lentic and lotic estuarine habitats along the Southeast Coast are presented as 
species richness, relative abundance distribution plots and Fisher's alpha index of 
diversity (Fig. 1; Table I). Assemblages typically contained a species richness of between 
2 to 44 species per brackish coastal lagoon and associated fresh inflowing stream/river 
which is at the lower end of the diversity generally sampled from Australian lakes and 
streams (Cranston, 2000). 
The patterns of diversity revealed by the graphical rank-abundance plots reflected 
strong relationships between local and regional scales of sampling (Fig.l). In particular, 
comparison of these patterns demonstrated that the a diversity of the brackish lagoonal 
basins was generally very low and contained few novel taxa whereas the fresh upper 
reaches of the inflowing creeks and rivers contained many more specialist species. This 
in part reflected the tendency towards the recording of f3 diversity as conditions became 
more like transitional gradients. However, f3 diversity could not strictly be measured in 
any of the small estuarine systems because the rate and extent of transitional change 
from fresh to saline conditions was too abrupt to represent a true gradient such as that 
identified at the Clyde River. 
The chironomid larval assemblages sampled from the Clyde River were the most 
speciose of all the assemblages sampled along the Southeast Coast; although the 
assemblage composition of Womboyne River's fresh uppermost station was very similar 
to station 1 at the Clyde. The assemblages from the fresh inflowing creeks and rivers 
were typical of southeastern Australian flowing waters (e.g. McKie & Cranston, 2001 ). 
Therefore the chironomid fauna of the Southeast Coast region was not particularly 
biogeographically distinctive and its y diversity was estimated to be at least around 70 
species, although further study is required to more fully estimate diversity at this scale 
(Table 2). 
These diversity patterns are quite different from those identified in larval chironomid 
assemblages from lentic and lotic, fresh and brackish southwestern Australian habitats 
(e.g. Bunn & Davies, 1990; Edward et al, 2001). For example, around 51 species were 
recorded from 23 permanent coastal lakes in southwestern Australia (Edward et al, 
1994 ). The most obvious difference was that while the lotic diversity of the 
southeastern coastal inflowing creeks was similar to southwestern Australian chironomid 
assemblages in terms of proportions between Tanypodinae, Orthocladiinae, and 
Chironominae (Chironomini & Tanytarsini), the lentic thalassic environments of the 
eastern coastal lagoons had much more depauperate assemblages(Table II). These 
patterns are likely to be the result of a much more unpredictable climate in southeastern 
Australia compared with southwestern Australia where lentic waters have predictable 
shallow, eutrophic, and warm conditions relating to a Mediterranean climate with 
regular winter rains and summer dry seasons. 
The southeastern Australian coastal Chironomidae also had some taxa in common with 
the large semi-permanent fresh to saline lake systems of arid north-western Australia 
259 
Chapter 7. Conclusions 
Sophia Dimitriadis 
Table I. The mean Fisher's alpha diversity and Pielou evenness ofChironomidae (Insecta: Diptera: 
non-biting midge) assemblages occurring at estuarine and climatic ecotones studied at sites along the 
eastern Australian margin. 
Study site locations at Diversity patterns: maximum Dynamics of patterns: 
estuarine gradients, cumulative chironomid larval measure of stasis or 
lagoons, and fresh species richness (S) at Southeast turnover in chironomid 
temperate lakes. Coast study sites. Fisher's log series (A) larval species composition. 
is presented for comparison. Mean Pielou eveneness (J'). 
Contemporary Quaternary Contemporary . Quaternary 
larvae across subfossil h.c. larvae across subfossil h.c. 
ecotones across ecotones ecotones across 
in space in time (years) in space ecotones in 
time (years) 
SOUTHEASTERN 
AUSTRALIA 
Site I. 
Clyde River 
gradient by seasons s =44 were sought were sought 
A season= 5.9 but not J' season= but not 
A site =3.7 possible. J' site= possible. 
Site 2. 
Curalo Lagoon 
Local scale s = 17 s = 12 J' = 0.6 J' time= 0.4 
A=3.6 A time= 1.8 
Site 3. 
Womboyne River 
Local scale. S=27 S=7 
A=7.3 A time=2.2 J' = 0.7 J' time= 0.7 
Site 4. 
LakeMeroo 
Local scale. S=6 for further J' =0.7 for further 
A=2.8 research research 
Site 5. 
Lake Werriga S=2 for further J' =0.99 ,...~ 
Local scale. A=0.4 research research 
Site 6. 
Lake Termeil S=6 S=4 J' =0.8 J' time:=:0.8 
Local scale. 
Site 7. 
Southeast coast. 
Study total 
Regional scale? S>69 for further for further for further 
research research research 
FAR NORTH 
QUEENSLAND 
·site 8. 
Lake Euramoo. 
Local scale and 
with some regional s = 18 S=20 J' =0.6 J'time = 0.6 
influence for A=2.4 A=2.6 
subfossil larval h.c. 
SW TASMANIA 
Site 9. 
Lake Selina. For further S=29 For further J'time= 0.7 
Regional for research A=4.0 research 
subfossil larval 
headcapsules .. 
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Tablelt.Chironomid taxa identified at fresh to estuarine transitions occurring in water bodies 
along the Australian Southeast Coast as compared with Chironomidae surveyed at the 
southwestern Australian coast and in southeastern Brazil. 
Chironomid taxa identified at estuaries 
along the 
Australian Southeast Coast 
(this thesis, Sophia Dimitriadis). 
Ablabesmyia hilli 
Ablabesmyia sp. 
Ablabesmyia notabilis 
Djamabatista sp. 
Fittkauimyia disparipes 
Larsia sp. 
Nilotanypus sp. 
Paramerina sp. 
Paramerina sp. 2 
Procladius sp. 
Pentaneurini sp. 'ST' 
Unident. Pentaneurini 
Botriocladius grapeth 
Genus S03 
Cardiocladius australiensis 
Genus Australia sp. B 
Corynoneµra sp. 
Cricotopus parbicinctus 
Cricotopus albitarsus 
Cricotopus brevicornis 
Echinocladius martini 
Nanocladius sp. 
Parakiefferiella sp. 2 
Parakiefferiella variegatus 
Parakiefferiella sp. 1 
Rheocricotopus sp. 
Rheocricotopus sp. 2 
Semiocladius crassipennis 
Thienemanniella sp. 
Chironomus sp. 
Cladopelma sp. 
Conochironomus sp. 
Cryptochironomus griseidorsum 
Demicryptochironomus sp. 
Dicrotendipes conjunctus 
Dicrotendipes leei 
Kiefferulus 'tinctus' 
Microtendipes sp. 
Parachironomus indet. sp. 
Parachironomus sp. 'K2' 
Paracladopelma nr 'Ml' 
Polypedilum nr leei 
Polypedilum oresitrophum 
Polypedilum 'Sl' 
Polypedilum vespertinum 
Nilothauma sp. 
Stictochironomus 'K2' 
Stictochironomus sp. 
Xenochironomus sp. 
Zavreliella nr 'Sl' 
Riethia stictoptera 
Riethia indet. sp. 'club' 
Cladotanytarsus uniserialis 
Cladotanytarsus sp. 2 
Cladotanytarsus sp. 3 
Cladotanytarsus sp. 4 
Paratanytarsus jeffreyi 
Paratanytarsus sp. 
Rheotanytarsus juliae 
Rheotanytarsus sp. 
Stempellina johni 
Tanytarsus nr 'Ml' 
Tanytarsus nr bispinosus 
Tanytarsus fuscithorax 
Tanytarsus sp. nr manleyensis 
Tanytarsus sp. 'kink' 
Tanytarsus sp. 
Podonomopsis sp. 
Chironomid taxa identified at 
lakes along the 
Australian Southwest Coast 
(modified from 
Edward et al, 1994). 
Paramerina levidensis 
Procladius paludicola 
Procladius villosimanus 
?Zavrelimyia sp. 
Macropelopia dalupensis 
Macropelopia sp. 
Ablabesmyia sp. 
Coelopynia pruinosa 
Cricotopus annuliventris 
Corynoneura sp. 
Limnophyes pullulus 
?Limnophyes 
Thienemanniella sp. 
Stictocladius sp. 
Dicrotendipes sp. 
Di cro tendipes 
?conjunctus 
Kiefferulus martini 
Kiefferulus intertinctus 
Cryptochironomus 
griseidorswn 
Nilothauma sp. 
?Stenochironomus sp. 
Stenochironomus sp. 
Riethia sp. 
Polypedilum sp. 
Polypedilum nubifer 
Chironomus occidentalis 
Chironomus alternans 
Cladopelma curtivalva 
Rarnischia sp. 
Tanytarsus sp. 
Cladotanytarsus sp. 
Stempellina? 
australie.nsis 
Chironomid taxa identified at 
impacted coastal lagoons in Rio de 
Janeiro, Southeastern Brazil 
(Callisto et al., 2002). 
Ablabesmyia sp. 
Djalmabatista sp. 
Labrundinia sp. 
Tanypus sp. 
Cricotopus sp. 
Nanocladius sp. 
Asheum sp. 
Beardius sp. 
Chironomus sp. 
Cladopelma sp. 
Goeldichironomus sp. 
Rarnischia sp. 
Nimbocera paulensis 
Parachironomµs sp. 
Paracladopelma sp. 
Polypedilum sp. 
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(Halse et 1998). As with patterns of overlap identified in southwestern 
Australia, co-occurring taxa mostly included cosmopolitan generalists such as 
Cricotopus Cryptochironomus 
Nanocladius, leei, 
manleyensis. Of these species, Cricotopus Cryptochironomus 
griseidorsum and Tanytarsus bispinosus were consistently salt-tolerant in both regions. 
Comparing the southeastern Australian coastal Chironomidae with other biogeographic 
regions in Australia, there is little correspondence with the fauna inhabiting the unstable 
athalassic sodium chloride-dominated inland lakes of Australia (e.g. Timms, 1993; 
Williams, 1984; Williams et al, 1990). The only possible exceptions to co-occur in 
both athalassic and thalassic lentic environments may be a few species of Chironomus 
and Tanytarsus. However, the taxonomy of these species has not been fully developed 
and species-level identifications perhaps involving confirmations with genetic analyses 
are required before relationships between these environments can be definitively 
identified. Several taxa that occur in athalassic environments do not occur in 
southeastern Australian thalassic lentic habitats such as some Tanypodinae and 
Tanytarsus species. One reason for this difference may be related to difficulties in 
making comparisons associated with complications of taxonomic definition that 
especially occur amongst the Tanytarsus species (e.g. Ekrem, unpubl.). Another reason 
specific to the thalassic lentic environments studied at the Southeast Coast is that these 
habitats might better be described as extensions of their associated and unpredictable 
inflowing lotic habitats because while the fauna is not exactly equivalent, it is strongly 
influenced by their dynamics. Inland lakes, on the other hand, are rarely affected by 
such unpredictable fresh phases and it has been suggested that "the most significant 
environmental determinant within a salt lake is the seasonal (predictable) temporal 
pattern of interaction between salinity and temperature, and the presence of water" 
(Williams, 1998). 
At a more global biogeographic scale, southeastern Australian coastal larval chironomid 
diversity patterns are comparable to those of northern hemisphere estuaries and coastal 
lagoons despite obviously different environmental conditions (e.g. Colbo, 1996; 
Neumann, 1976; Williams & Hamm, 2002). In the Bay of Cadiz of Spain, 
Chironomidae (e.g. Chironomus salinarius) were similarly abundant to the southeastern 
Australian estuarine systems making up more than 30% of the total number of 
macroinve1iebrates (Drake & Arias, 1995). Distributions were also attributable mainly 
to variation in hydrodynamic regimes with corresponding modification of sediment 
characteristics rather than simple relations with shifting salinity and temperature. This 
indicates that across most of these systems, drought has an important effect on 
ecosystem diversity (e.g. Jeffries, 1994). 
In further patterns that were similar to the assemblages collected along Australia's east 
coast, Orthocladiinae such as Cricotopus and Chironominae like Chironomus, 
Parachironomus, Paratanytarsus, and Tanytarsus are represented commonly in habitats 
along the eastern coastline of the Atlantic Ocean in Canada (Co Ibo, 1996). In the 
Hudson River estuary near New York, Cricotopus sylvestrus, Polypedilum illinoense, and 
Rheotanytarsus are associated with marine plants while Chironomus decorus, 
Procladius sublettei, Tanytarsus, Polypedilum digitfer are associated with sediments and 
Dicrotendipes modestus occurs on both substrates (Menzie, 1981). These habitat 
associations appear to have persisted for some time, with similar representatives 
present as subfossil headcapsules in late Quaternary estuarine sediment cores collected 
around the Baltic Sea (e.g. Hofmann & Winn, 2000). 
In comparison with the late Quaternary subfossil assemblages extracted from the eastern 
Australian coastal lagoons, the subfossil larval chironomid headcapsules extracted from 
Western Baltic Sea sediments were more abundant. For example, around 1,584 
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headcapsules were collected in 17 samples ranging from 6.4 to 17.9 g from the Neustadt 
Bay core (Hofmann & Winn, 2000). The chironomid subfossil assemblages from the 
were also more speciose around 41 taxa whereas in southeastern Australia, 
assemblages a diversity of 12 taxa. In spite these differences there was a 
very high level of faunal correspondence between the assemblages the 
Neustadt Bay, Mecklenburg Bay, and Vejsnaes Bay cores and the Curalo Lagoon core. In 
both assemblages, Ablabesmyia, Procladius, Parakieiferiella, Chironomus, 
Dicrotendipes, Polypedilum, Tanytarsus, and Stempellina occurred; all taxa considered 
typical of more fresh eutrophic phases of the estuarine environment. 
At the Baltic, taxa typical of saline phases that also occurred in the survey of 
contemporary southeastern Australian coastal lakes were Chironomus, Cladotanytarsus, 
Paratanytarsus, and Tanytarsus (Hofmann & Winn, 2000). Taxa typical of more lotic 
habitats that were also present at the saline stations of the Clyde River included 
Cladotanytarsus and Cricotopus species; these taxa were characteristic of Younger 
Dryas assemblages before the transgression horizon at the Baltic (Hofmann & Winn, 
2000). The predominating taxon, Microtendipes that was considered a characteristic 
element of the late glacial lake fauna at the Baltic was not identified in the southeastern 
Australian core material but was collected as live larvae in winter at Termeil Lake. 
Unlike the Baltic chironomid assemblages, Cricotopus, Clunio, and Chironomus species 
were not characteristic and could not be used to indicate the onset of marine-dominated 
conditions in southeastern Australia. In the Australian coastal lakes, chironomid 
responses to fluctuating salinity were more like presence-absence signals with few taxa 
typical of finer-scale gradations between brackish and marine conditions. Nevertheless, 
this was unlikely to be associated with a comparably lowered integrity of the Australian 
estuarine sediment records. In both Australian and Baltic Sea sediments there was a 
strong association between high numbers of remains in organic-rich sediments and few 
to no remains in sandy samples. 
Some reasons for the observed fauna! differences include thalassic habitats in the 
northern hemisphere being generally much cooler and more prone to freshwater influx; 
even though temperature can fluctuate equally widely. Furthermore, habitats represent 
similarly 'naturally polluted' environments for chironomid larvae with some features 
characteristic of anthropogenically polluted habitats such as more frequent disturbance 
(e.g. Colbo, 1996; Hofman & Winn, 2000; Little et al, 2000; Waterhouse & Farrell, 
1985; Williams & Hamm, 2002). Northern hemisphere thalassic habitats may also be 
Jess subject to extreme disturbances from droughts or floods, and the associated abrupt 
transitions typical of the eastern Australian estuarine gradients as a result of a dry 
climate. These features are generally accepted to explain a less diverse Australian fauna 
(e.g. Westaby, 1993). 
The long-term and contemporary chironomid diversity of Australia's freshwater lakes is 
much better documented with estimates of between 8 to 30 species per lake (Cranston, 
2000). At tropical Lake Euramoo, around 21 species were identified however 
assemblages did not entirely contain lentic species and instead reflected a diversity of 
microhabitats associated with the shallow littoral zone and marginal swamp 
environment (Chapter 5). Lake Selina had a more typical lacustrine assemblage however 
it also contained a number of lotic taxa (Chapter 6). 
Thus in general, the diversity of the larval Chironomidae identified from these estuarine 
and fresh lacustrine environments confirms Thienemann's Principles that the greater 
the diversity of conditions in a locality, the larger the number of species that make up 
the assemblage; and the more the conditions deviate from species optima, the smaller 
the numbers of species and greater the numbers of individuals (rev. Vinson & Hawkins, 
1998). 
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Another type of diversity examined at these sites was the distribution of various trophic 
groups. This was found to be highly variable between the Southeast Coastal sites (Table 
3a, 3b). Specifically, the coastal lagoons were dominated by detritivorous taxa whereas 
the fresher upper reaches of inflowing creeks and rivers had a broader representation of 
taxa from different trophic groups. In particular, most brackish environments lacked 
representation by carnivorous taxa (Table 3a, 3b ). 
Ecological dynamics of eastern Australian larval chironomid assemblages - seasonal 
and palaeolimnological along spatial and temporal gradients. 
Seasonal, annual, and cyclical dynamics of Australian freshwater chironomid 
assemblages associated with ENSO phenomena, changing flow regimes and other factors 
influencing the range of natural variability have been studied intensively to identify the 
extent of anthropogenic impact on aquatic ecosystems (e.g. Brooks & Boulton, 1991; 
Edward et al, 2001; Marchant et al, 1985; Marchant & Hehir, 2002; Metzeling et al, 
2002; Paltridge et al, 1997). By comparison, the dynamics of Chironomidae larvae 
inhabiting estuarine environments associated with such seasonal, annual, and ENSO-
associated scales of change are relatively unknown in comparison with the northern 
hemisphere (e.g. Williams & Williams, 1998). 
Seasonal changes identified in this thesis are weak in terms of effect on both the 
abundance and species composition of lotic southeastern Australian coastal larval 
chironomid assemblages (e.g. Chapter 2, 4). This was particularly obvious in the fresh 
upper reaches of the Clyde River and at Womboyne River (Table 1 ). Seasonal 
abundance changes were more pronounced in the coastal lakes where assemblage 
responses involved presence-absence changes rather than shifts in assemblage 
composition (e.g. Chapter 3). Thus any shifts in abundance appeared to be more closely 
correlated with strong impacts resulting from shifting rainfall, flushing rates, and fresh 
phases occurring in lagoons and less associated with seasonal temperature changes 
(Chapters 3, 4). These events were more common in winter, although the study period 
encompassed unusual conditions associated with an extreme El Nifio- associated drought. 
The long-term dynamics of estuarine and fresh lacustrine Chironomidae assemblages 
from decadal to millennial periods is another area of research that has been less 
intensively investigated compared to the northern hemisphere (e.g. Botts, 1997; 
Brooks & Birks, 2000; Hofmann & Winn, 2000; Little et al, 2000; Snaddon, 2001; 
Verschuren et al, 1999; Walker, 2001; Walker & Mathewes, 1989). Palaeolimnological 
reconstruction is particularly useful for understanding long-term chironomid larval 
assemblage dynamics (e.g. Hofmann & Winn, 2000). However, this field of 
investigation is subject to particular difficulties in Australia, associated with the arid 
climate, causing difficulty obtaining the required intact and highly resolved Quaternary 
stratigraphic records from a suitable range of fresh and saline (athalassic and thalassic) 
environments (e.g. De Deckker, 1982, 1986; Williams et al, 1993). Most suitable long-
term records are restricted to sediment cores from a few deep, freshwater lakes (e.g. 
Dimitriadis & Cranston, 2001). Thus patterns of stasis or change amongst Australia's 
chironomid assemblages typical of these unique environments in eastern Australian 
estuarine and fresh lakes were examined in this thesis to address the questions: 
Does coordinated stasis occur amongst Australian Chironomidae assemblages 
during the late Quaternary? That is, to what extent is the statement that: "it 
appears that both terrestrial and marine examples of regional system stasis 
are known, from the Quaternary, involving organisms with varied life 
histories and adaptations" (Miller, 1996) applicable to Chironomidae from 
eastern Australia? 
In what type of aquatic habitat are exactly the same assemblages most likely 
to recur? 
Where does dynamic assemblage behaviour predominate - at environmental 
extremes or within more favourable contexts? 
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TableJt Patterns of diversity for the larval Chironomidae genera and number of species 
belonging to each genus occurring at study sites and across broad-scale southeastern Australian 
geographic pools. Evidence for restrictions between the number of genera per subfamily or 
number of trophic groups per site is presented. The number of species per genus is presented 
where available. 
Southeastern Australia Clyde Clyde Clyde Clyde Clyde 
null model for River River River River River 
regional diversity based 1 2 3 4 5 
on Cranston (1996) 
# genera per subfamily 
# Chironominae 45 16 9 7 0 0 
# Orthocladiinae 37 11 8 7 5 6 
# Tanypodinae 23 4 I 2 3 1 
# Podonominae 4 I 0 0 0 0 
# Aphroteniinae 3 0 0 0 0 0 
% trophic abundance 
detritivores 39 49 54 32 36 57 
herbivores lO 37 42 59 64 43 
carnivores 41 12 4 9 0 0 
omnivores 10 2 0 0 0 0 
#species per genus 
# Chironominae not yet available 18 13 9 4 l 
# Orthocladiinae not yet available 16 12 IO 7 6 
# Tanypodinae not yet available 6 I 3 0 0 
# Podonominae not yet available I 0 0 0 0 
# Aphroteniinae not yet available 0 0 0 0 0 
Table }, 
Termeil fresh Termeil saline Curalo fresh Curalo saline 
# genera per subfamily 
# Chironominae 6 3 11 1 
# Orthocladiinae 0 0 0 0 
# Tanypodinae I l 5 0 
# Podonominae 0 0 0 0 
# Aphroteniinae 0 0 0 0 
% trophic abundance 
detritivores 86 75 69 100 
herbivores 0 0 0 0 
carnivores 14 25 31 0 
omnivores 0 0 0 0 
#species per genus 
# Chironominae 6 3 8 1 
# Orthocladiinae 0 0 0 0 
# Tanypodinae I I 5 0 
# Podonominae 0 0 0 0 
# Aphroteniinae 0 0 0 0 
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The extent of recurrent species abundance patterns, assemblage change, or complete 
stasis that occurred throughout the late Quaternary is presented according to the Jaccard 
coefficient (Table 1). For example, pair-wise values for the Jaccard coefficient of 
similarity greater than 0.5 were considered to have relatively little change between 
sampling intervals, where patterns effectively indicated assemblage stasis, while values 
less than 0.5 were considered more dynamic with greater dissimilarity between samples 
taken either through time or along spatially-oriented gradients (Table 1 ). In addition to 
evaluating the extent assemblages recurred using indices to assess complementarity, 
visual inspection of raw and percentage relative abundance plots were also used to 
compare assemblages from different intervals. The presence of equilibrium or 
'coordinated stasis' patterns were identified where there was less than 40% species 
extinction and less than 40% species origination (Brett & Baird, 1995). The results 
were also tested using alternative indices of complementarity and various correlation 
analyses (Pearson and Spearman) (see Chapter 3-6). The range of complementarity was 
expected to fall between the values obtained for extremes of the Clyde River estuarine 
gradient. Although more pronounced assemblage dynamics were expected at Lake Selina 
in response to the large climatic changes of the Last Glacial Maximum. 
Coordinated stasis patterns did occur amongst Australian Chironomidae assemblages 
during the late Quaternary at Lake Euramoo. Unlike nearby Lake Barrine, Lake 
Euramoo showed little response to the Little Ice Age (~1250-1850 AD) or other local 
climatic changes on the Atherton Tableland. Instead assemblages exhibited a high degree 
of stability that could be described as a pattern of 'coordinated stasis'. 
At the very different fresh temperate lake of Selina, in Tasmania, chironomid 
assemblages were found to be much more dynamic during a period of much more 
extreme climatic change. The dynamics of these assemblages were characterised by 
cumulative species replacement. In this environment, the identification of recurrent 
assemblages was not straightforward because the delineation of breaks from a type of 
characteristic assemblage, replacement with other assemblages, and a subsequent return 
of previous assemblages was arbitrary and lacked distinctive boundaries. For example 
there was some evidence of recurrent assemblages at Lake Selina, where assemblages 
dominated by Stempellina were present before and after the occurrence of an 
assemblage dominated by Chironomus associated with shifting lake levels and stream 
influx. Nevertheless, each assemblage had a distinct species composition and relative 
abundance pattern. A futher distinguishing feature of the Lake Selina assemblages is that 
some taxa are capable of large-scale distribution range changes in response to climatic 
changes. For example, Stempellina, Riethia, and Coelopynia are taxa that have been 
found to formerly inhabit the deep tropical lake of Barrine when conditions were cooler 
and wetter (Chapter 6; Dimitriadis & Cranston, 2001 ). 
By comparison, the coastal lake assemblages had robust species compositions and 
relative abundance patterns that recurred over several millennia. These more extreme 
environments tended to have many tolerant generalist taxa contiguously responsive to 
rather abrupt shifts in salinity compared with the more gradual transitions such as along 
the Clyde River. Thus there is little potential for identifying pollution related changes 
in chironomid assemblages present in these habitats, even as a function of higher 
taxonomic ranks (e.g. Waterhouse & Farrell, 1985). 
Processes responsible for Australian Chironomidae species abundance 
patterns - matching expectations from random, allogenic, and autogenic 
models to observed patterns. 
The causal attribution of biological trends to environmental factors is one of the most 
difficult aspects of interpreting Quaternary records (rev. MacDonald, 1993; Parmesan 
& Yohe, 2003; Root et al, 2003). Nevertheless, the evaulation of assemblage dynamism 
is an important pursuit that is not only crucial for environmental reconstructions and 
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predictions based on bioindicators conservation purposes also identifying 
processes produce observed species relative abundance distribution 
patterns (e.g. Colwell & Lees, 2000; Connor & Simberloff, 1979; Constable, 1999; 
1996; Harris, 1994; et al, 2001; McKinney, 1997; & Wilson, 
2002). The processes hypothesised to species relative patterns 
belong to three categories of theory (rev. Chapter I, see Table l ). 
Hypotheses based on individualistic assumptions typically employ probabilistic models 
and are more likely to predict instability whereas those based on autogenic processes 
employ mostly deterministic models of species assembly that often predict the 
maintenance of a particular assemblage and increased resistance to disturbance. Since 
deterministic models are mostly concerned with controls and specific system states, the 
maintenance of a particular ecosystem configuration (stability/stasis) is also frequently 
associated with equilibrium states or an optimal configuration that systems, species, and 
individuals strive to attain by regulation, active choice, and resistance to perturbation; 
by contrast, most probabilistic models do not have these requirements. 
One approach to identifying the assembly processes that have led to observed patterns 
of species relative abundance distributions is to match patterns expected by models with 
various underlying theoretical assumptions against real patterns observed in studies such 
as those presented in this thesis. Accordingly, the assemblage patterns identified in the 
studies of this thesis were matched against various model predictions (e.g. ACE, Alpha, 
Bootstrap, Chao 1, Chao 2, Cole, ICE, Jackknife, Michaelis-Menten, and null models 
e.g. fixed-fixed, fixed-equiprobable) to evaluate if there was any optimal configuration 
expressed as a tendency for any particular diversity pattern to develop from certain 
types of assembly processes. This method must also take into account sampling 
artefacts and scale-related effects (e.g. Durrett & Levin, 1996; Jablonski & Sepkoski, 
1996). However untangling all these processes is not a trivial task and there is a lot of 
disagreement about the use of appropriate models and assumptions (e.g. Hixon et al, 
2002; Huston & McBride, 2002). For example, static assemblage patterns characterised 
by short or long periods of invariance can be compared directly with the patterns 
produced by various models. However, matching highly dynamic assemblage patterns 
with models is much more complicated because particular assemblage zones with their 
characteristic relative abundance distribution need to be identified before comparisons 
can be made. Some theories identify this requirement as evidence that assembly 
processes operate discontinuously and this in turn raises questions such as: 
~ What keeps chironomid species relative abundance distributions fixed over Jong 
periods? 
~ What controls the boundaries or zones of dynamic assemblages? 
~ How should boundaries be identified? 
~ What is the evidence for assembly rules like limiting similarity, species 
saturation? 
~ What is the evidence for rates of dispersal controlling patterns? 
~ Is the past predictive of the future? 
~ Can historical data be used to assign probabilities of species colonisation? 
The following discussion addresses each of these questions and matches the patterns 
observed amongst eastern Australian Chironomidae with each of the expectations 
predicted by models belonging to each category of theory (Table 1, Figure 1 ). 
ALLOGENIC PROCESSES PROBABILISTIC, OPEN SYSTEMS. 
Testing for underlying allogenic processes ivolves matching real patterns with 
expectations resulting from the operation of open systems with continuously changing 
non-equilibrium groups of species and weakly or non-co-adapted individuals and species. 
Thus individuals and species are expected to behave independently with relative 
abundance distribution patterns arising mostly from random distributions, physiological 
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tolerances, response to environmental gradients, and differing rates of response to 
environmental change or disturbance as a result of differing reproductive and dispersal 
(e.g. Birks 1995; Lods-Crozet et 2001). According to these models, 
assemblages are envisaged as "snapshots" capturing states of ever-changing continua 
without a dominance-hierarchy, in which extirpation occurs mortality or lack of 
recruitment and the distributions of functional feeding groups divide space randomly 
rather than competitively (rev. Fesl, 2002; Gotelli, 2000). A broad spectrum of 
patterns thus was expected to occur if this paradigm operates. Furthermore, these 
patterns were expected to be dependent on scale, magnitude, and rates of environmental 
changes influencing assemblages, although species abundance patterns were expected not 
to fit any particular assembly model (rev. Fesl, 2002; Mante et al, 1997; Tokeshi 1990, 
1991, 1993). 
1.1 Randomness 
As larvae, Chironomidae have been described as having "catastrophic drift" in which 
they disappear from substrates following severe flooding, strong downstream currents in 
rivers, tidal influx in estuaries, and wind-induced currents in shallow lakes when some 
individuals are redistributed over long distances and carried into unfavourable conditions 
in spite of any behavioural responses such as swimming or burrowing (rev. Davies, 1976; 
Rasnitsyn & Quicke, 2002). However, despite such random dispersal and drift events, 
the distributions of chironomid larvae are consistently strongly correlated with local 
environmental gradients of salinity, temperature, nutrient concentration, oxygen, and 
disturbance, and therefore are considered to be valuable bioindicators in Australia and in 
the Northern Hemisphere (see Chapters 1-6). 
It might therefore be expected that the simplest test for demonstrating that completely 
random assembly processes are not entirely responsible for observed patterns involves 
matching real patterns with null model expectations (e.g. Case & Sidell, 1983; Gaston & 
He, 2002). Certainly, testing for complete randomness is straightforward because these 
distributions are uniformitarian (Poissonian distribution) as a result of their invariance, 
unpredictability and indeterminateness (See Chapter 1 ). However, a further 
complication involved in testing for the operation of random processes involves the 
suggestion that this type of random expectation is unrealistic in heterogeneous 
ecological landscapes in which random processes actually may produce a more 
patterned, structured and clumped distribution (e.g. Barabasi & Albert, 1999). A further 
suggestion involves probabilities (chance) being subject to reciprocal or controlled. 
selections meaning that it is partly organised and not completely random (Poissonian). 
The reciprocal element recognises that individuals both choose their environment and 
are selected in accordance to the environment (e.g. Meadows & Campbell, 1972). 
Therefore testing for deviation from these predictions proves much more complicated 
and relies on randomisation tests using original datasets. This involves randomisation of 
matrices by species (rows), by sites (columns), or both; with the expectation that these 
models will produce a pattern that approaches the mean-field view. This view is an 
average of the many metapopulations that make up the total species pool (TSP) or 
geographical species pool (GSP); thereby removing any structure, localised effects, 
clumped dispersion and boundaries that are characteristic of the ecological species pool 
(ESP), habitat species pool (HSP), and actual species pool (ASP). 
Matches with these random models fail where individuals are not strongly mixed under 
"ebullient conditions", when there are strong gradients, obvious ecotones, or clumping 
effects resulting from some attractant. The Southeast Coast dataset when compared 
with a EcoSim 6.0 null fixed-fixed model employing 1000 iterations according to either 
the sequential swap algorithm or independent swap algorithm was found to have a 
significantly greater than expected level of species co-occurrence (p value 0.0008) 
(Gotelli & Entsminger, 2001). The observed C-Score was 2.35 while the sequential swap 
268 
Chapter 7. Conclusions 
Sophia Dimitriadis 
method predicted 2.15 and the independent method predicted 2.14. These findings are 
inconsistent with the alternative technique of matching ranked distribution curves with 
patterns predicted by various models (e.g. Chapter 2; Fig.1 ). According to this technique 
there was some correlation with random assortment models, a finding consistent with 
the patterns described in a large river in the northern hemisphere (Fesl, 2002). 
Nevertheless, patterns appear to be quite variable between ecosystems and log-normal 
patterns are recognised even in other northern hemisphere studies (e.g. Armitage et al, 
1995). Random models evidently are difficult to test in heterogeneous environments 
due to the strong correlation of species with environmental gradients and a tendency to 
clump. 
1.2 Environmental factors 
Studies aiming to reconstruct past environments or predict future conditions from biotic 
assemblages assume that assemblages are controlled strongly by environmental factors 
such that 'transfer functions' can be developed (rev. Birks, 1995). If assemblage 
patterns primarily result from allogenic processes relating to the environmental 
responses of individuals/species, assemblages may relate to environmental variables 
according to linear responses (assumed by PCA that mostly reflect dominant species and 
individualism), unimodal responses (Gaussian methods - niche assembly), or more 
complex responses. Nevertheless, strong correspondence need not guarantee that 
underlying processes have been correctly identified, since it may result from various 
biases, especially in localities where there are several influential covarying factors (e.g. 
Loubiere & Qian, 1997). 
Tests for underlying allogenic processes relating to environmental constraints involves 
correlating species assemblage patterns with expectations resulting from species 
responses (e.g. abundance changes) in relation to a combination of physico-chemical 
factors that are naturally and anthropogenically influenced (e.g. Panis et al, 1996; 
Pearson et al, 2002; Peres-Neto et al, 2001). In the case of anthropogenic changes such 
as urban development with increased sediment loads, post-storm discharge increases, 
nutrients or global warming, changes can be extreme. "Australia is the most vulnerable 
OECD country to the impacts of climate change because of its low latitudes and 
naturally occurring high temperatures which are already above optimum levels. In 
addition, Australia is relatively arid, particularly in the more populated parts of 
southern Australia and although the tropical north in the monsoon season has a 
surplus of water, the rest of Australia, with the exception of Tasmania, often suffers 
drought...possible impacts of climate change on the region include: a 'highly likely' 
reduction of species diversity, despite some adaptation potential; the exacerbation of 
existing problems of land degradation, weed and pest infestation; changes to river 
flows, flood frequencies and nutrient and sediment outputs particularly to drier areas; 
damage to coastal ecosystems and communities, especially indigenous communities, 
through sea-level rise, flooding and weather changes." (Senate Environment, 2000). 
Chironomid species abundance patterns were examined for correlations with various 
physicochemical factors that may have influenced the probabilities of species 
occurrence. These were sought using canonical correspondence analysis, cluster analysis, 
correspondence analysis, correlation analysis, and principal component analysis. The 
patterns of chironomid assemblage diversity and stability observed between seasons (not 
stations) along the Clyde River were due to the presence of comparatively consistent 
freshwater flow and temperature regimes (Chapter 2). Observed as an estuarine gradient 
sampled at 5 stations, the Clyde River presented the most obvious evidence for 
influence of environmental controls on species abundance patterns (Chapter 2). 
This strong environmental control was obvious at the fresh lakes. Comparison of 
chironomid assemblages from Lake Euramoo with those from Lake Selina showed that 
the benthic fauna of these two fresh lentic habitats responded to environmental changes 
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in fundamentally different ways. Tropical Australian Lake Euramoo has no profundal 
fauna, and there is no shift between littoral and profundal-dwelling species or individuals. 
Consequently, Euramoo has a relatively stable littoral faunal assemblage buffered by a 
thick swamp band that presumably migrated with shifting water levels in comparison 
with neighbouring Lake Barrine that had a more responsive fauna due to its unusual 
mixing regime, fluctuations in oxygen availability, and pulses in sediment deposition 
registering climatic changes (Dimitriadis & Cranston, 2001 ). By comparison, Australian 
temperate lakes like Lake Selina register climatic changes for different reasons. 
Australian chironomid assemblages from the temperate montane lake of Selina respond 
more similarly to Northern Hemisphere chironomid faunas in which profundal species 
migrations are responsible for registering most climatic changes (e.g. Brooks & Birks, 
2000). In deep, cool temperate lakes, minimal larval numbers occur in profundal zones 
during late summer when anoxic periods dominate and during early autumn disturbances 
due to overturn events. Thus at lakes with these regimes, a strong temperature signal is 
expected with less sensitivity to aridity owing to a maintenance of moderate to high 
lake levels. This appears to occur at Lake Selina in Tasmania but signals were marred by 
difficulties associated with interpreting the relationships between lentic and lotic species 
(Chapter 6). 
The most dynamic chironomid assemblages reflect shifts in relative abundance resulting 
from differing responses amongst warm-adapted or cool-adapted taxa, or amongst 
salinity-tolerant or fresh-adapted taxa with some indirect relationships to drought-
influenced streamflow patterns (Chapter 3, 4). Unfortunately, the combined effects of 
salinity and temperature on chironomid assemblages in the coastal lakes could not be 
studied because larvae were absent when both factors coincided especially common in 
summer months when larvae were much less abundant. Further survey work is required 
to adequately quantify specific responses and physiological tolerance thresholds of the 
species identified in these ecosystems. 
Compared with stratigraphic records from deeper freshwater lakes, the dynamics of 
chironomid assemblages from coastal lake records are difficult to identify due to poor 
resolution and pronounced taphonomic influences. In spite of these challenges, stable 
chironomid assemblage compositions appear typical of the late Quaternary records 
mostly resulting from a generalist tolerant fauna. 
The dynamics of chironomid assemblages identified in this thesis partly concur with 
other studies directed towards understanding changes in insect distributions and relative 
abundance shifts throughout the late Quaternary at various spatial scales. For example, 
less than one third (27%) of some insect assemblages maintained stable distributions in a 
study by Parmesan & Yohe (2003). In their study 67% of chironomid assemblages 
maintained stable species compositions although biased by examination of 
environments that are extreme for insects. Amongst dynamic insect assemblages, 
changes result from various factors some of which are unrelated to climatic change 
predictions (24%) despite mean changes having occurred over a period of around 66 
years (Parmesan & Yohe, 2003 ). Comparing the results from this thesis, demonstrates 
that the dynamics of some chironomid assemblages result from long-term changes in 
environmental factors such as salinity that may occur independently of, or in addition 
to, changes in temperature or rainfall. Essentially, models based on strong 
environmental influence are highly predictive of real data patterns. 
This thesis has shown that the responses of Chironomidae from some southeastern 
coastal sites (e.g. Chapter 2) can be used to generate a 'training set' since relationships 
between larval assemblages and some environmental factors such as salinity are 
sufficiently strongly correlated with species distributions. 
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Figure la. Modified from Hubbell (2001) - the qualitative shape of the triphasic species-area curve as 
predicted by the Unified Neutral Theory. At the local scale, the species accumulation curve is most sensitive 
to the relative abundance of locally occurring species. At regional scales, the curve is more sensitive to species 
geographic ranges as determined by speciation, extinction, and dispersal. On very large spatial scales, the 
correlation length of the biogeographic processes are predicted to be exceeded. By comparison, Tokeshi 
(1993) reviews the nested relation between the geometric-series, log-series, and lognonnal that do not 
correspond with Hubbell' s scale-associations. 
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Modem species accumulation curves. 1 = Clyde station 1, 2 = Clyde station 2 , 3 = Clyde 
station 3 , 4 = Clyde station 4 , 5 = Clyde station 5 , 6 = Curalo fresh , 7 = Curalo saline 
lagoon , 8 = Womboyne River fresh, 9 = Werriga brackish, 10 = Termeil Lake saline , 11 
= Meroo Lake saline , 12 = Euramoo fresh transect. 
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F,3~~ I~ 
Palaeo species accumulation curves. 1 = Curalo core 2, 2 = Womboyne core 4, 3 = 
Termeil core , 4 = Euramoo core , 5 = Selina core. 
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Hierarchical clustering of all modem sites (R mode) using Bray Curtis similarities and 
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Hierarchical clustering of all palaeo sites (R mode) using Bray Curtis similarities and log 
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Therefore it is possible to employ some modelling and other inference techniques 
developed for northern hemisphere organism-based palaeoenvironmental 
reconstruction work surface-sediment chironomid training sets in Australia to: (1) 
produce Australian palaeoenvironmental reconstructions; (2) compare prediction 
statistics between biogeographic regions (e.g. Brooks & Birks, 2000). Nevertheless, 
is only possible if lagoonal chironomid faunas are sufficiently preserved, abundant, 
diverse complementary with respect to estuarine ecotones like those occurring at 
the Clyde River. Unfortunately the studies at the southeastern Australian coastal lakes 
revealed that application of transfer functions using assemblage data from estuarine sites 
was not possible due to their abrupt transitions. 
1.3 Site history 
The review of the ecological and palaeoecological literature discussed how the 
environmental history of the late Quaternary represents a critical link between ecology 
and pre-Quaternary palaeobiology (Chapter 1). In particular, no other period in history 
permits observation of contemporaneous events, processes, and spatial patterns of 
temporal change at resolved time-scales across such a wide range of spatial scales (rev. 
Jackson & Overpeck, 2000). Thus, knowledge of relative abundance distributions and 
species richness patterns in time can greatly influence environmental decision-making 
and conservation biology (e.g. Birks, 1995; Burnham, 2001; Cohen, 2000). 
Disturbances are common events in the evolutionary history of aquatic assemblages and 
their lasting imprint on assemblages is recognised in studies of recovery (Connell et al, 
1997; Dole-Olivier et al, 1997; Ito & Gunji, 1994; McCabe & Gotelli, 2000; Nekola, 
1999; Pickett et al, 1989; rev. Woodin, 1999). The effects of disturbances on patterns 
of species abundance that have been described well in ecological surveys are also 
sometimes equally obvious in palaeolimnological records (Anderson & Battarbee, 1994; 
Brooks & Boulton, 1991; Dapples et al, 2002). Surviving depauperate assemblages 
usually recover their mass with rapidly establishing opportunist species, re-establish 
previous relative abundance distributions, gradually increase biodiversity, and develop 
higher redundancy amongst species components or trophic levels. Thus it has been 
suggested that resource specialisation partly determines whether history influences 
species assembly patterns (e.g. Long & Karel, 2002). 
There was some evidence for a correspondence between these predictions for recovery 
following disturbances amongst the assemblages of Lakes Curalo, Womboyne, and 
Termeil. In particular, the incidence of disturbance provided the most likely 
explanation for recurring larval chironomid assemblages with similar broadly tolerant 
species compositions and species relative abundances following periodic flushing events 
(Chapter 3, 4). Most disturbances were associated with rapid and extreme fluctuation in 
salinity and considerable defaunation of the lagoonal basins. With the return of fresher 
conditions, chironomid populations apparently recolonise and expand into lagoon 
basins from the fresh upper reaches of inflowing streams or nearby coastal water bodies 
(Chapter 3, 4). 
At tropical Lake Euramoo, the maintenance of similar swamp habitats and a 
comparatively climatically-insensitive chironomid larval assemblage probably explained 
stability of assemblages, in contrast to the more dynamic assemblages of nearby deep 
Lake Barrine (Chapter 5). Lake Euramoo's assemblages appeared to respond more to 
expanding swamp habitats by increasing overall abundance than by shifting species 
composition in response to other factors, particularly climatic changes. In 
environments characterised by few disturbances assemblages maintain compositionally 
stable assemblages with persistent species relative abundance distributions. This is 
different from the coastal lakes where assemblage stability is maintained by a tolerant, 
generalist fauna that is relatively insensitive to changes until they become extreme 
rather than environmental stability. Essentially, models based on site history processes 
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reasonably fit real data although other factors are likely to have important influences. 
Further studies would benefit from investigation of the physiological tolerance and 
sensitivity of key indicator species as well as further seasonal survey information on the 
dynamics of Lake Euramoo's chironomid populations. 
1.4 Taphonomy and sampling 
The influence of sampling effects was evaluated by examining rarefaction extrapolation 
and species accumulation curves (Figure 1 ). Here species are either considered to draw 
probabilities from a common distribution at each unit of effort (e.g. when randomly 
choosing fixed sampling areas in large areas) or species have an intrinsic probability of 
being recorded (e.g. observation at a fixed location). 
If less abundant species are more likely to occur (higher species richness), as in the 
upper reaches of the Clyde River or in the deep fresh lake of Selina, there is the 
appearance of greater temporal and spatial abundance variation over both ecological 
and geological time scales because less abundant specialised species generally have 
greater abundance fluctuations than common species with broad tolerances (Table 1). 
The difference in larval abundance between Lake Euramoo ( 5, 17 6 subfossil headcapsules 
over 6 ka) and Lake Selina ( 4,503 subfossil headcapsules over 43 ka) suggests that there 
may be a fundamental difference between tropical (Northern Australian) populations 
and temperate (Southern populations) due to faster generation rates and more 
multivoltine species. Thus higher subfossil abundances are likely to result under warmer 
conditions compared with slower generation rates and a tendency for more 
univoltine/bivoltine species that occur under cooler conditions. This bias may give the 
impression of larger populations in tropical lakes as compared with temperate lakes and 
if faster generation rates are positively correlated with the appearance of more dynamic 
systems, this phenomenon could introduce a further bias. However, such biological 
differences may be countered by differential preservation in which biological 
degradation is more likely to be fast in the tropics and mechanical degradation more 
likely in cooler alpine regions with records further biased by shifting rates of sediment 
deposition. Future studies would benefit from specific investigation of these influences. 
Analysis of temporal changes in assemblages therefore included analyses weighted 
towards less abundant specialised species (such as correspondence analysis), dominant 
species (such as principal components analysis), ad intermediate mixtures (such as 
square rooting of relative abundance) to evaluate the relative bias associated with 
sampling and other abundance altering effects (Mante et al, 1997). Species rank 
abundance patterns were also used to compare relative abundance patterns between sites 
because they are subject to fewer sample size related biases (rev. Chapter 1, see Fig. 1). 
The conclusion was that much larger subfossil sample sizes are required for small 
organisms with abundant populations, such as insects and foraminifera (e.g. Battarbee, 
2000; Humphries et al, 1997). This is because high numbers of individuals must be 
preserved and sampled to properly characterise original assemblages whereas smaller 
samples may be adequate for corals and other large, especially sedentary animals. Thus 
the observed population turnover rates increase with finer scales of spatio-temporal 
resolution (e.g. Delcourt & Delcourt, 1988). For example, coral populations may 
appear more stable in the face of environmental changes although this may result 
equally from slower turnover rates (rev. Chapter 1). Alternatively, corals may have 
broader tolerance ranges for certain variables like temperature and salinity as long as 
variables such as water depth, remain sufficiently constant and tolerable. These 
phenomena may explain why corals typically have fewer species present in 
thanatocoenoses than biocoenoses (rev. Martin, 1999). Thus the appropriate resolution 
for observing assemblage change for such organisms may be around monthly 
observation intervals rather than yearly, decadal, or longer time scales (Chapter 1: 
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Table 1 ). These scale-related differences are also likely to explain the discrepancy in 
evolutionary and ecological turnover patterns between Lake Tanganyika's cichlid fish 
and ostracod assemblages (Cohen, 2000). 
Taphonomic and sampling effects both influenced patterns of chironomid assemblages 
although the most recent subfossil assemblage compositions, expressed in terms of 
species presence-absence, relative rank abundance, and absolute abundance frequently 
concurred with contemporary surveys usually with minor differences, and then mostly 
involving rare species. Some environments are more prone to these effects than others 
and chironomid subfossil deposition differed markedly between coastal and fresh inland 
lakes. In coastal lagoons, assemblages sporadically accumulate during flood phases during 
which headcapsules are transported from fresher upper reaches of inflowing waters 
although most derive from in situ populations that temporarily inhabit lagoon basins 
during fresher phases. These findings agree with the conclusion that the actual 
taphonomic role of insect input from running waters into lacustrine and coastal marine 
subfossil assemblages is surprisingly low (rev. Rasnitsyn & Quicke, 2002). 
A further difficulty particular to the value of coastal palaeorecords is that most 
assemblage samples have low chironomid headcapsule counts that do not meet the 
minimum requirements of between 45 to 150 subfossil individuals with sufficient species 
diversity for environmental modelling or reconstruction work (e.g. Heiri, 2001). For 
this reason it was not possible to apply the developed Clyde River salinity transfer 
functions. However as expected, assemblage patterns varied greatly between study sites 
with large differences between the species compositions of tropical and temperate, fresh 
and estuarine chironomid assemblages. A large part of this variance is explained by 
physico-chemical differences between habitats and sites although there is the possibility 
of effects from other assembly processes. Essentially, models based on sampling ad 
taphonomic processes closely predict some real patterns. 
2. AUTOGENIC PROCESSES - DETERMINISTIC, EMERGENT PROPERTIES, 
FEEDBACK SYSTEMS 
2.1 Biotic interactions and niche-assembly 
Autogenic theory is closely related to Maturana's pursuit of autopoietic theory directed 
towards capturing the autonomy and organisation of living systems around which 
natural selection operates without recourse to referential concepts like 'purpose' or 
'function' (Maturana & Varela, 1980; Varela, 1979). Autopoiesis is defined as a theory 
explaining self-producing assemblage patterns that arise as a product of the organisation 
of individuals and species as a set of networked processes of production that are 
continuously and recursively generated by the relations and interactions of the 
components produced by the entity (ecosystem) as a network. There may be "no 
progress or optimisation of the use of the environment, but only conservation of 
adaptation and autopoiesis" whereby the organism and environment remain in a 
continuous structural coupling (Maturana & Varela, 1980). 
The distinguishing feature of this approach is that it recognises that natural selection 
acts on assemblages structured not only by the traditional features of adaptation (e.g. 
reproductive fitness within a species population) but on assemblages that have already 
been shaped by more subtle but potentially equally influential effects resulting from a 
history of experience with no remnant trace except in the internal structure (genome -
ontological or behavioural experience) of individuals. For example, environmental 
perturbations trigger changes to the individual that are not always rigid survival or death 
responses with immediate ramifications for the population (species). Individuals also 
frequently exhibit a level of adaptability that allows them to track favourable 
environments, influence their environment, themselves and other organisms within 
their surrounds with some experimentation and potential for novel response. The 
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distribution patterns of such individuals result from a process whereby the possibilities of 
response open to the individual are a product of its experience, age, health, dispersal 
ability, interactions, tolerances and so forth that influence its capabilities of recognising 
favourable or unfavourable external factors and responsiveness to impinging factors. 
Autogenic theory addresses the question of to what extent species develop a certain 
abundance distribution according to phenomena such as facilitation, competition, 
trophic cascades and intra-specific or inter-specific qualities amongst co-occurring 
organisms (e.g. Arsenault & Owen-Smith, 2002; Batzer & Resh, 1991; Carpenter & 
Leavitt, 1991; Drake, 1990; Fox, 1999; Gilinsky, 1984; Hermoyian et al, 2002; Kelt & 
Brown, 1999). "Not until we reach the extreme confines of life, in the arctic regions or 
on the borders of an utter desert, will competition cease. The land will be extremely cold 
or dry, yet there will be competition between some few species, or between individuals of 
the same species, for the warmest or dampest spot" (Darwin, 1859). 
One class of autogenic theory, the niche-assembly perspective, holds that assemblages 
result from assembly rules, limitation of assemblage membership and networks of niches 
that coexist at demographic and adaptive equilibrium under strict niche partitioning of 
limited resources capable of displacing some sympatric species (rev. Belyea b& 
Lancaster, 1999; Fesl, 2002). According to this view, set ratios exist between functional 
feeding groups, predator-prey, and dominance relations that are largely responsible for 
the diversity of a locality, assemblage patterns and observed stability or dynamism (rev. 
Bretsky & Klofak, 1986; Cohen, 2000; Gotelli & Ellison, 2002; Gotelli & McCabe, 
2002; Jeffries, 2002). In these feedback ecosystems, the focus is on the combination of 
interactions within the assemblage that produce growth, fluctuation, stability, or change. 
Advocates of this paradigm cite patterns from long-term studies of aquatic fauna from 
stable and long-lived lakes (e.g. Lake Tanganyika situated in Africa and Lake Baikal 
situated in Europe) where it has been shown that a high degree of endemism and 
ecological interaction occurs that is complex, highly deterministic and often stable for 
long periods of time (rev. Cohen, 2000). Thus, coordinated stasis patterns and 
assemblage stability under this paradigm result mostly from internal regulation and 
coevolution in which disequilibration arises either from internally derived disturbances 
or imposed environmental changes (e.g. Ito & Gunji, 1994). A particular difficulty with 
this paradigm is that classic concepts of niche space are static and overlook temporal 
changes in environmental and population responses. Environmental change, however, 
involves emergence and frequent reshuffling amongst combinations of niche variables 
giving rise to the concept of "nomadic niches and their contingent communities" 
(Jackson & Overpeck, 2000). Patterns identified as resulting from such autogenic 
processes are, like allogenic processes, non-random although a high degree of stochastic 
behaviour and rearrangement is characteristic (e.g. Tokeshi, 1990). 
Definition of these systems therefore relies on the identification and quantification of 
the feedback processes responsible for the observed assemblage pattern. A further 
difficulty with the autogenic paradigm is that beyond demonstrating that species relative 
abundance distributions are cross-correlated or interdependent, the causal processes 
leading to such a pattern need to be demonstrated and this is an elusive pursuit. The 
operation of assembly rules that reflect the strong control species interactions can exert 
on species relative abundance patterns is currently under investigation (rev. Weiher & 
Keddy, 1999). 
In this thesis, evidence for regulation by assembly rules controlling trophic 
proportionality was sought in the context of niche-oriented expectations by testing for 
the pattern that species are more likely to spread out widely among different genera, 
thereby enabling the exploitation of different niches and reducing the propensity for 
competition as compared with expectations derived from null models (Table 3). 
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This assembly rule predicted that Chironomidae species from the same trophic group 
are expected to co-occur less often than expected by chance. This is predicted because 
such species compete as a result of their similar resource requirements. For this analysis, 
previous trophic group classifications provided a basis for categorising the southeastern 
Australian larval chironomid taxa (Chapter 2; Berg, 1995; McKie & Cranston, 2001; 
Marchant et al, 1985). Predators were classed as carnivores, wood-feeders as 
detritivores, filterers as omnivores, grazers as omnivores, and algal-feeders as 
herbivores. All Tanypodinae were classed as carnivores, although early instars are often 
algal-feeders or omnivores. Thus this classification is likely to be prone to some error 
yet may allow general comparisons between regional and local patterns. A subset of the 
fauna described from southeastern Australia for which dietary information was available 
included 3 Aphroteniinae, 4 Podonominae, 23 Tanypodinae, 13 Orthocladiinae, and 16 
Chironominae (Table 3). Evidence was weak and evaluation would significantly benefit 
from future research on Australian chironomid larval diets and the numbers of species 
likely to occur per genus in particular Australian regional areas. 
The co-occurrence score metric was employed also to quantify the pattern and make 
comparisons with null models as used by Gotelli and Ellison (2002). Again, evidence was 
weak and if trophic proportionality rules do exist, they are unlikely to be obvious at 
fine scales of observation due to the potential for between-instar and other intra-
specific differences (e.g. many Tanypodinae species shift diets as they mature). 
Furthermore, testing for relations between trophic proportionality in chironomid 
assemblages may amount merely to quantifying "phylogenetic inertia" (Table 3a, 3b). 
Thus broad-scale patterns in trophic proportionality were not observed and are biased 
by coarse inter-subfamily differences amongst species-poor assemblages. A further bias 
may involve the impact of predation on assemblages; for example this factor is thought 
to be responsible for some large aquatic macroinvertebrate fauna! biogeographic 
differences between Australian athalassic waters and those of the antiplano of South 
America (Bayly, 1993). 
These results concur with other studies where sufficient proof for trophic-level 
associated assembly rules operating in aquatic ecosystems is not available yet (Chapter 
1). For example the results from this thesis agree with some studies in aquatic systems 
that conclude invertebrate diversity is more strongly regulated by intermediate-level 
disturbances that occur at regional scales (e.g. across streams) than biotic interactions 
operating at more localised scales (e.g. a reach) (Lake, 2000). Essentially, model 
predictions based on biotic interactions poorly fit real data and are difficult to evaluate. 
3. UNIFORMITARIAN PROCESSES 
3.1 Neutral theories 
Neutrality theories form a particular category of uniformitarian theory explaining 
species relative abundance distributions assuming that all species and individuals have 
equal properties and distributions are predicted from factors such as random dispersal, 
equilibrium rates of birth and death of individuals, saturation of space by individuals, and 
the total biomass of ecosystems (Bell, 2001; Bengtsson, 2002; Hubbell, 2001). Neutral 
models are highly predictive of broad-scale patterns in the real world although the 
underlying assumptions are debated, especially the assumption that every individual in 
the population has identical properties since this directly challenges natural selection 
principles in which only the fittest individuals or species are predicted to survive and 
dominate. 
Neutral theories treat species as invariant 'neutral' and uniform with no capacity to 
evolve, develop unique properties, a particular history and set of contingencies (e.g. 
Hubbell, 2001). Competition for limited resources is envisaged as equal in which all 
relative species abundances, species area relationships, and phylogenetic relations, even 
amongst trophically different sympatric species, result from a dimensionless number -
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the fundamental biodiversity number (Hubbell, 2001). This is an extreme uniformitarian 
view in which processes are invariant, individuals are treated as identical rather than 
unique, and extinction rates are a function of abundance. Thus strictly speaking, this 
ecological time series represents a classical Brownian "random walk". Accordingly, 
changes in abundance variation reflected in features such as species range size are 
considered to be random at every scale and abundance fluctuations show no persistent 
tendency to increase or decrease at any scale. An important difficulty associated with 
treating assemblages, species, and populations as invariant is that there is panmixia, the 
same chance of fertile coupling and possibility of all possible crossings occurring. 
Curiously, many advocates of neutral models do not dispute evidence for natural 
selection or evolutionary principles but compartmentalise neutral patterns into those 
that are observed at equilibrium, and others that are present during periods of 
disequilibrium. The U~ified Neutral Theory does not address this issue and instead a 
fundamental biodiversity number controls not only species richness, but also relative 
species abundance patterns in the source area metacommunity (apparently equivalent to 
TSP, GSP scales) at equilibrium between speciation and extinction. Thus the theory 
predicts that only modest migration rates are sufficient to dynamically couple the 
regional metacommunity and stabilise community structure on large spatiotemporal 
scales. Following from these assumptions, regional, long-term compositional stasis 
arises from the stabilising effect of large numbers and inter-specific dynamics of 
ecological communities are a stochastic zero-sum game. Accordingly, when species 
richness is reduced, the variance of relative species abundance increases, accompanied by 
an increase in apparent dominance. 
Concepts crucial to this category of theory include the degree of equilibrium present and 
the scale at which patterns are observed. The species relative abundance patterns from 
this thesis suggest that Hubbell's theory may accurately predict real patterns made over 
sufficiently long time scales and across sufficiently broad spatial areas because these 
correlate with the mean-field view. Thus every individual and species sees the average 
abundance of various co-occurring species; there is no spatial structure as a result of 
strong ecological mixing, and individuals and species encounter one another in 
proportion to their average abundance across space. This type of assemblage equilibrium 
that results from highly unstable environmental conditions means that clumping of 
populations cannot develop, that divergent adaptation is suppressed, that gene pools are 
homogenously mixed, and that all assemblage members are exposed to essentially the 
same physiological conditions so that there is no opportunity for the evolution of fitter 
types. Evidence for the patterns predicted by this theory are termed 'coordinated stasis 
patterns'. These patterns are characterised by assemblage time-series where there is less 
than 40% species extinction and less than 40% species origination and they assume the 
operation of uniformitarian processes operating at the largest of regional scales and 
over the longest of time intervals (e.g. Brett et al, 1996). Accordingly regional long-
term compositional stasis may arise from the stabilising effect of large numbers. 
Although coordinated stasis patterns were observed in the studies of this thesis, patterns 
did not exactly match the expectations of neutral theory. 
Furthermore, coordinated stasis patterns are controversial and may develop from other 
allogenic processes, autogenic processes or sampling bias and taphonomic artefacts (rev. 
Chapter I). For example, where coordinated stasis patterns develop from allogenic 
processes (mode I type of pattern generation) in which there is minimal environmental 
change such that dominant, intermediately abundant, and some rare species respond 
identically to low rates of environmental change at particular localities without 
widespread mixing. Some evidence for this type of environmental equilibrium leading to 
assemblage equilibrium occurred at Lake Euramoo, Curalo Lagoon, and Termeil Lake. 
The patterns identified confirmed the expectation in which intermediately abundant and 
rare species from diverse assemblages are characterised by stasis, indicating a lack of 
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species response to disturbance or environmental change. This leads to the pattern that, 
"a community group; once formed, changes very little with time as long as its 
environment persists" (Boucot, 1990). 
Another example of conditions in which coordinated stasis patterns develop is in 
circumstances in which environments change but conditions are so unfavourable or 
extreme that only dominant and abundant species remain in assemblages (mode 2 type 
of pattern generator). These assemblages are expected to respond minimally to 
environmental change as a result of their broad generalised tolerance. Some evidence for 
this type of response in which a depauperate assemblage remains unchanged occurred at 
the coastal lagoons of Lake Curalo and Lake Termeil where more sensitive species, 
species of intermediate abundance or rare taxa are absent. 
Coordinated stasis patterns may also be an artefact of sampling bias in which sampling 
regimes fail to identify the dynamics of local assemblages and reflect only a relatively 
invariant average collection from a network of local assemblages (mode 3 type of 
pattern generator). Here stasis is relative to the spread of the mean abundances of the 
different species where if variance between the communities is significant, the mean of 
a series of assemblages is a misleading portrait of assemblage dynamics or differences 
amongst microhabitats. Information about abundance is particularly biased if sampled 
biofacies are averages and mixes of successive and/or adjacent communities. The second 
type of artefact occurs if loss of stratigraphic resolution or information from scarce 
species (amongst which most turnover occurs) obscures real assemblage patterns. For 
example, fauna! stability in the fossil record depends usually on the preservation of 
mainly dominant and abundant species (McKinney et al, 1996). Scarce species 
(evolutionary specialists) with their higher rates of local extinction and recolonisation 
(ecological turnover) or morphological change (evolutionary turnover) are not 
typically sampled from fossil records. This bias again represents a type of mean-field 
view, but is artificial and produced by a type of averaging of remains from real 
assemblages. These processes were documented in the coastal lake records of Curalo, 
Womboyne, and Termeil Lakes (Chapters 3, 4). Essentially, models based on neutral 
theory poorly fit real data and are difficult to test due to the inability to untangle 
contributing factors and evaluate the extent of bias leading to the perception of one 
type of pattern predicted by neutral theory - coordinated stasis patterns where there is 
no evolutionary change and species remain identical. 
4. COMBINATIONS OF ALLOGENIC, AUTOGENIC AND UNIFORMITARIAN. 
4.1 Dispersal processes; lineage history and speciation processes, dispersal 
and speciation processes. 
The research in thesis recognises that proportions of individuals and species within a 
given assemblage are relative to probabilities of survival and speciation of lineages (e.g. 
Dynesius & Jansson, 2000; Ferriere et al, 2000; Hellberg et al, 2001; Lareau & 
Mouquet, 1999; McPeek & Holt, 1992). Nevertheless, the focus of this thesis was on 
how ecological processes act over time scales shorter than generally needed for 
considerable speciation in insects (that means time scales not extending beyond 50,000 
yrs, the late Quaternary). It has already been demonstrated that morphological stasis 
with apparent maintenance of habitat affiliation and tolerance thresholds (taxonomic 
uniformitarianism) occurs in Quaternary insect assemblages and that it is possible for 
speciation to be "quelled" (Coope, 1978). This is because the operation of localised 
small-scale processes is constantly cut short by the movement of individuals and species 
in concert with Quaternary climatic environmental changes (Coope, 1978, rev. Elias, 
1994). Thus while the processes of lineage history and speciation certainly are 
important, they were beyond the scope of this thesis. 
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Dispersal processes also have important effects on aquatic invertebrate assemblage 
patterns (e.g. Caceres & Soluk, 2002; Lancaster et al, 1996). These processes have 
elements of randomness because passive dispersal is not directed; but dispersal is subject 
also to allogenic effects in which it is directed by favourable climatic regimes or 
autogenic effects in which dispersal is influenced by other species or individuals. For 
example, strong linear relations between the species richness of regional assemblages 
with local assemblages sometimes are interpreted as indicating strong regional influence 
from factors such as dispersal with less influence from local interactions (e.g. Hillebrand 
& Blenckner, 2002). 
More comprehensive studies should aim to improve taxonomic resolution and 
incorporate genetic analyses to verify migration patterns between athalassic and 
thalassic chironomid populations. A likely candidate for such studies is Tanytarsus 
barbitarsus and various other Tanytarsus species. Information from such studies 
tracking gene flow between metapopulations and estimating speciation would enable the 
theory that the high intrinsic vagility (dispersal ability and propensity) of insects leads 
to great regional similarity and stabilising effects from large numbers of dynamically 
interconnected local assemblages coupled with the metacommunity to be tested 
adequately (Hubbell, 200 I). 
Implications of findings for "the Quaternary paradox" - allogenic and 
autogenic interpretations. 
The Quaternary paradox is here defined as the situation in which population dynamics 
of living species are mostly independent and individualistic whereas patterns of the 
subfossil/fossil record for the same species may appear highly coordinated. In relation to 
this paradox, results from this thesis show that most conflict arises amongst larger, 
more sedentary organisms because subfossil records from these organisms are more 
likely to have generalist taxa with patchy preservation, and slower population turnover 
rates. This results in the tendency for fossil data to comprise dominant and abundant 
species with broader tolerances and geographic distributions. Thus, while fossil data 
sometimes conflicts with ecological data, subfossil Quaternary records comprising 
smaller, more environmentally sensitive organisms with high turnover rates such as 
amongst the Chironomidae are less likely to have these problems. 
Therefore extraction of environmental signals from biotic responses is most likely to 
be difficult when attempting to reconstruct conditions from records containing large, 
long-lived common generalists with potentially highly coordinated responses. These 
organisms may respond only to environmental changes when extreme disturbances 
occur. Thus the appearance of stasis in records from these assemblages is highly 
dependent on the taxa recording responses to environmental change, especially the 
relative abundance that is present between abundant and intermediately abundant taxa 
within a particular group of biological indicators. 
Thus at the coarsest scales of observation such as within coastal lakes, where most 
species are common generalists, many environmental changes are unlikely to be 
registered and assemblages and conditions appear both more coordinated and static 
despite disturbances or anthropogenic impacts. Only extreme changes - perhaps 
resulting from anoxic events, or flooding, are likely to register, and then mostly as full 
assemblage presence-absence assemblage shifts. By comparison, observation of late 
Quaternary chironomid assemblages from fresh lakes allow high resolution discernment 
of species individualistic behaviours in response to environmental changes because there 
are many more species of intermediately rare abundance with more specialised 
tolerances and preferences. Therefore such assemblages appear less stable and more 
responsive to habitat changes except if marred by taphonomic effects or other sampling 
biases. 
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At Lake Euramoo, pattern of apparent 'coordinated stasis' was unlikely to be 
associated transport of subfossil chironomid remains away habitats" 
since headcapsules were contained lake catchment and with close 
correspondence between biocoenoses (living assemblages) thanatocoenoses 
(fossil/death assemblages). However a bias affecting patterns amongst Euramoo 
assemblages was involved with the observation that abundant taxa a 
higher probability of into the subfossil record. 
In the case of the chironomid assemblages collected from coastal lakes, additional 
factors responsible for the appearance of stable assemblages involved the dominance of 
broadly tolerant species and the influence of small subfossil sample sizes and strong 
taphonomic controls. Site-specific sampling and taphonomic issues both constitute 
information loss and mar the real patterns of biocoenoses and thanatocoenoses (rev. 
Holland, 1996; Martin, 1999; Perochon et al, 2001 ). For example, in the high-energy 
environments of the estuaries and lagoons studied for this thesis, some chironomid 
assemblages lived in environments different from those in which they became buried. 
Thus the fact that subfossil species are collected at a particular site does not necessarily 
imply co-occurrence in life. In particular, the chironomid taxa that inhabited the 
brackish coastal lagoons and were buried in the same environment were subject to 
unstable conditions, particularly in areas of the lagoon away from central mud basins. 
This meant that larval remains were infrequently preserved due to the destructive 
physical regimes of these environments. 
Species assembly theory - as applied to Australian ecosystem patterns and 
processes 
Proportional patterns from contemporary ecological or Quaternary palaeoecological 
species assemblages reflect various allogenic, autogenic and uniformitarian processes. 
Nevertheless, the utility of these patterns is, at times, questionable as a basis for 
predicting future conditions or reconstructing past environments (e.g. Jackson, 1997). 
The difficulties associated with identifying the extent to which underlying processes are 
responsible for observed patterns necessitates close attention to the scales at which 
various processes operate and to any biases that may be active at various stages of 
assemblage development (e.g. Buzas, 1990). 
Successful matching of patterns to models and predicting patterns from models with 
particular underlying assumptions is not the same as identifying the causal mechanisms, 
although important implications for species assembly theory can be identified using such 
an approach. For example, the results obtained in this study are consistent with two 
patterns identified from differing disturbance regimes at Lake Tanganyika (Cohen et al, 
2000). At highly disturbed sites, a pattern of coordinated local extinction and 
colonisation is evident with substantial fauna! similarity between the species 
composition of stratigraphically adjacent samples. At these disturbed sites, the 
interconnectedness of metapopulations may have broken down as a result of 
environmental perturbations becoming too severe. This apparently results in fewer 
species being available to repopulate localities. 
According to these explanations, coordinated stasis patterns are atypical of the late 
Quaternary because relative abundance distributions are not captured in the stratigraphic 
record in the same way as in older records. In particular, the extent of time-averaging 
appears less extreme compared to older deposits such that stratigraphies record fauna) 
movements as species track environments rather than representing species assemblages 
that, in some cases, approach regional-scale averages. In this way, a specific site 
maintains a record of its discrete 'local tracking history' rather than reflecting regional 
averages. Associated with more regional averages is the predominance of more 
widespread generalists of common and intermediate abundance in assemblages that 
appear invariant through time. Thus during the late Quaternary, chironomid larval 
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headcapsule subfossil deposits more frequently represent a snapshot moment and are 
0r0·.,.~··0 more likely to contain scarce, novel, fleeting species 
localised deposits that appear less stable. 
The result is 'the present is the key to the past' principle is likely to be 
compaiimentalised. Real and taphonomically generated patterns and processes, 
operating at large regional scales and over long time periods, are much more stable and 
uniformitarian ( ahistoric) than local patterns and processes. This is consistent with the 
observation that local assemblages are more likely to be short-lived, rapidly changing, 
unique, less commonly observed, and less well represented in the fossil record. These 
observations are at odds with the Unified Neutral Theory and have important 
implications for the question "Is conservation biology a palaeontological pursuit?" (e.g. 
Burnham, 2001). The answer appears to be 'yes' only within quite specific 
spatiotemporal contexts and with appropriate consideration of stratigraphic and 
sampling issues. 
Such compartmentalisation does not require the existence of emergent ecosystem 
properties that are partly the consequence of self-organising processes (e.g. Margalef, 
1997; Maturana & Varela, 1980; Mingers, 1989, 1994; Millier, 1996; Nicolis & 
Prigogine, 1967; Varela, 1979). For example, " ... the organism is capable of choosing 
its environment before suffering or confronting its constraints ... As such, it is certainly 
much closer to a system of choice than is selection imposed by the external 
environment" (Piaget, 1976/78). This view holds that exactly the same species 
abundance patterns do not recur because perpetual equilibration or constant 
environmental change negates the existence of absolute 'sameness'. Furthermore 
sampling and taphonomic obstacles have important effects and these are themselves 
influenced by ecosystems and therefore are not entirely independent pattern-producing 
processes. Thus patterns need not result from processes that are entirely collective 
involving both intra-specific and inter-specific processes where the individual has the 
potential to be a passive reflection of such processes that are quite independent of 
individuals. However patterns need not conform entirely to the allogenic perspective 
where individual responses to the environment are the source of all new distribution 
patterns so that the assemblage pattern is nothing more than an additive outcome. It 
appears that in living assemblages, there are no rigid forms independent of ongoing 
processes and interactions. 
It is unlikely that different processes, no longer operating under contemporary 
conditions have shaped assemblages in the past. The recurring assemblage patterns of 
the coastal lagoons and the coordinated or predictable response patterns of the fresh 
lakes to climatic changes indicate that Quaternary chironomid taxa are subject to the 
fundamental principles of uniformitarianism where the present is the key to the past. 
Colonisation sequence does not appear to exert a strong influence compared with the 
environmental conditions present at a site, especially where assemblages occur at 
extremes of climate, salinity, and disturbance. The extremes of the Australian 
environment have resulted in a much more tolerant, generalist chironomid fauna prone 
to persisting and recurring when similar habitats are available. This indicates that 
chironomids track environmental changes as they happen with no evidence for lags 
where long-term residents exhibit more autogenic behaviours. It is anticipated that 
further investigation of such assembly processes, species assemblages patterns and 
dynamics will yield information likely to improve predictions from environmental 
impact assessments, Quaternary reconstruction work and scientific understanding of 
perturbation, recovery, and biogeography. 
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Appendix 1. Species, for 
Clyde1F Clyde2 Clyde3 Clyde4 ClydeSS CuraloF CuraloS Curalo cor• WombF WerrS Wombcore TerS Tercore MerooS EurmooF Euramooc1 Selina core 
Ablabesmyla sp. 0 0 0 0 0 0 1 0 0 0 0 0 834 0 0 
Abtabesmyla hil!I 9 10 4 0 0 0 0 5 0 0 0 0 0 0 0 
Ablabesmyia nolabilis 12 0 2 0 0 0 0 34 0 0 0 0 0 0 0 
Coelopynla prulnosa 0 0 0 0 0 0 0 0 0 0 0 0 0 0 248 
Ojamabatlsta sp. 2 0 0 0 0 0 0 1 0 0 0 0 710 1 0 
Fittkaulmyia dlsparipes 0 0 0 0 0 1 0 0 0 0 0 0 0 23 0 
Flttkauimyla sp. 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 
Larsla sp. 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
Monopelopia sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 1308 0 
Nilotanypus sp. 55 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Paramerina sp. 12 0 0 0 0 13 0 0 0 0 0 3 0 0 166 
Paramerina sp. 2 4 0 0 0 0 3 12 85 0 3 0 0 0 0 0 
Paramerina parva 0 0 0 0 0 0 0 0 0 0 0 0 0 336 0 
Procladlus sp. 0 0 0 0 0 4 33 9 0 0 1 11 2 0 0 108 
Procladlus paludlcola 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1507 0 
Pentaneurini ST1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 
Pentaneurlnl spp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 146 0 12a 
Botrlocladlus grapeth 181 66 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Genus 503 17 152 27 5 0 0 0 0 1 0 0 0 0 0 0 0 0 
Cardiocladius australiensls 36 2 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
Genus Australia sp. B 477 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 
Corynoneura sp. 36 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
Crlcotopus albilarsus 457 26 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crlcotopus brevicomls 140 77 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Crlcotopus nr brevicorn!s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 727 
Cricotopus parbicinctus 70 62 9 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
Echlnocladius martini 43 25 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Genus nr Gymnomelriocnemus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 
Nanocladius sp. 6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 
Orthocladius sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 
Paraklefferlella varlegatus 5 364 742 317 69 0 0 0 5 0 0 0 0 0 0 0 0 
Paraklefferlella sp. 1 10 1 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 
Paraklefferlella sp. 2 30 84 20 4 0 0 0 0 3 0 0 0 0 0 0 0 160 
Parakiefferiella sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 215 238 239 
nr Paralimnophyes 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 190 
?Pseudosmlllla sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 155 
Rheocrlcotopus sp. 64 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
Rheocricotopus sp. 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Semiocladlus sp. 0 0 0 0 165 0 0 0 0 0 0 0 0 0 0 
Thlenemannle/la sp. 339 7 0 0 0 0 0 0 0 0 0 0 0 0 13 
Chlronomus sp. 0 0 0 0 0 0 0 0 0 0 9 11 0 739 768 1093 
Chlronomus sp. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 46 
Cladopelma curtlvata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
Conochironomus sp. 2 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
Cryptochlronomus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 
Cryptochironomus grlseldorsum 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
lrmakla sp. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dlcrotendipes sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Dlcrotendipes conjunctus 0 0 0 0 0 a 0 415 0 15 12 23 136 0 0 0 0 
Dlcrotendlpes jobetus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 547 681 0 
D!crotendipes lee! 482 321 10 3 0 0 0 0 0 0 0 0 0 0 0 0 0 
Klafferulus sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
Klefferulus "tlnctus· 0 0 0 0 0 0 0 0 4 0 0 0 0 15 0 4 0 
Mlcrotendlpes sp. 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 
Mlcrotendipes umbrosus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 
Parachirorlomus sp. 7 0 0 0 0 0 0 0 0 0 0 13 0 1 0 0 2 
Parachironomus K2 0 0 0 0 0 3 0 4 0 0 0 0 0 0 0 81 0 
Parachlronomus new 0 0 0 0 0 0 0 0 0 0 0 0 0 0 46 0 0 
Paracladopelma 0 M1' 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 2 
Polypedllum nr K1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 2 0 
PolypedHum nr leel 0 0 0 0 0 0 0 1 4 0 0 0 0 0 30 49 0 
Polypedilum nr M1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 127 
Polypedllum nr M2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 
Po1ypedllum nr S1 0 0 0 0 0 16 0 42 14 0 3 0 0 0 0 1 0 
Polypedilum oresrtrophum 0 0 0 0 0 0 0 0 28 0 1 0 4 0 0 0 0 
Polypedilum nr seorsum 0 0 0 0 0 0 0 0 0 0 0 0 0 90 61 0 
Polypedllum vespertlnum 6 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
Nllothauma sp. 1 4 3 0 0 0 0 0 0 0 0 0 0 0 0 
St!ctochlronomus 'K2' 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sllclochironomus sp. 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 
Xenochlronomus sp. 1 0 0 0 0 0 0 0 0 0 0 0 2 12 0 
Zavreliella nr St 2 0 0 0 0 0 0 11 0 0 0 0 0 0 0 
Zavreliella marmorata 0 0 0 0 0 0 0 0 0 0 0 0 83 67 0 
Rlethla stlctoptera 13 3 0 0 0 0 0 4 0 0 0 0 0 0 0 
Riethla sp. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 13 
Cladotanytarsus unlserialis 0 35 45 23 10 0 0 0 0 0 0 0 0 0 0 
Cladotanytarsus sp. 3 0 3 1 1 0 1 0 0 0 0 0 0 0 0 0 
Cladotanytarsus sp. 4 10 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Cladotanytarsus sp. 2 1 58 20 6 0 0 0 0 0 0 0 0 0 0 0 
Cladotanytarsus sp. 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 
Paratanytarsus Jefferey! 6 3 3 0 0 0 0 0 0 0 0 0 0 0 0 
Paratanytarsus sp, 0 0 0 0 0 0 0 0 1B 0 0 0 1 0 0 30 
Rheotanytarsus juliae 197 79 15 0 0 0 0 32 0 0 0 0 0 0 0 0 
Rheotanytarsus sp. 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Slempelllna sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1159 
Stempellina johni 6 2 0 0 0 18 0 8 0 0 0 0 0 0 0 0 
Tanytarsus nr M1 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tanytarsus nr bisplnosus 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
Tanytarsus kink 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 
Tanytarsus fusclthorax 0 0 0 0 0 121 1 168 9 0 22 11 98 0 0 0 0 
Tanytarsus nr fusclthorax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 8 0 
Tanytarsus sp. 0 0 0 0 0 10 0 0 0 0 0 0 0 0 3 1 0 
Tanytarsus nr manleyensls 0 0 0 0 0 0 0 0 9 0 0 0 0 5 0 0 0 
Tanytarsus 2 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 
Tanytarsus 4 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 
Tanytarsus 5 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
Tanytarsus A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 
Tanytarsus B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 58 
Tanytarsus C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
Tanytarsus D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
Podonomopsls sp. 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 106 
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